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FOREWORD 


FOREWORD 


The  purpose  of  this  report  is  to  describe  the  methods  used 
to  weld  the  test  samples  and  to  present  the  results  of  the  physical 
and  metallurgical  tests  performed  in  this  research  and  development 
program.  This  report  covers  the  investigation  of  the  operating 
characteristics  of  tubular  welding  electrodes  designed  for  Sub¬ 
merged  Arc  Welding  applications.  The  effort  of  this  program 
was  directed  toward  comparing  the  relative  merits  of  tubular 
submerged  arc  welding  electrodes  as  opposed  to  solid  submerged 
arc  welding  electrodes. 

The  Submerged  Arc  Welding  Process  (SAW)  using  conventional 
electrodes  (solid  wire)  enjoys  a  prominent  niche,  as  a  welding 
process,  due  to  high  filler  wire  deposition  rates  and  excellent 
quality  of  the  deposited  weld  metal.  The  Submerged  Arc  Welding 
Process  is  limited  to  the  flat  position  for  butt  welds  and  the 
horizontal  position  for  fillet  welds.  These  limitations  have  , 
not  detracted  from  the  popularity  of  the  process  as  a  fabricating 
tool  .  The  process  is  normally  used  with  mechanized  welding 
equipment;  however,  it  can  be  used  as  a  manual  process. 

In  recent  years  electrode  manufacturers  have  developed 

tubular  electrodes  designed  for  submerged  arc  welding  applications. 
This  "new  generation"  of  electrodes  promises  several  areas  of 
improvement  over  the  solid  electrodes  that  may  have  significant 
economic  impact  on  welding  costs.  In  addition,  electrode  chemistry 
may  be  altered  to  improve  the  physical  properties  of  weld  metal 
deposits  to  suit  individual  welding  requirements. 


Foreword  -  Page  2 


This  project  was  initiated  by  the  SP-7  Welding  Panel  of  the 
Ship  Production  Committee;  a  committee  of  the  Society  of  Naval 
Architects  and  Marine  Engineers.  A  special  thank  you  is  due  this 
group  who  served  as  technical  advisors  in  the  preparation  of 
inquiries  and  evaluation  of  subcontract  proposals.  Their  comments 
and  criticisms  helped  to  make  this  a  more  valuable  project. 

This  effort  was  financed  largely  by  government  funds  supplied 
jointly  by  the  U.S.  Maritime  Administration  and  the  U.  S.  Navy 
through  a  cost-sharing  contract  between  Newport  News  Shipbuilding, 
Bay  Shipbuilding  and  the  Maritime  Administration. 


.  SECTION  2 


ACKNOWLEDGEMENTS 


ACKNOWLEDGEMENTS 


Appreciation  is  expressed  to  the  following  for  their  clar¬ 
ification  of  contract  requirements  and  administration  of  this 
project . 

Mr.  Robert  W.  Schaffran 

Manager,  Shipbuilding  Research  Program  Office  of 
Advanced  Ship  Development 
Maritime  Administration 
400  Seventh  St.  SW,  Room  7330 
Washington,  DC  20590 

Mr.  B.  C.  Howser,  SP-7  Welding  Panel  Chairman 

Manager  of  Welding  Engineering 

Newport  News  Shipbuilding 

4101  WashingtonAvenue- 

Newport  News,  VA  23607 

Mr.  Mark  I.  Tanner,  SPC  Program  Manager 
Newport  News  Shipbuilding 
4101  Washington  Avenue 
Newport  News,  VA  23607 

Also,  appreciation  is  expressed  to  the  following  people 

at  Bay  Shipbuilding  Corp.  for  their  continued  support  of  our 
efforts  on  the  SP-7  welding  panel  to  reduce  welding  costs: 

Mr.  George  K.  Geiger  -  President 

Mr.  Bruce  C.  Shaw  -  Director  of  Operations 

In  the  performance  of  this  project  two  outside  agencies 
were  employed  for  physical,  metallurgical  and  corrosion  testing 
of  welds.  Acknowledgment  is  due  for  their  dedication  and  per¬ 
sonal  efforts: 

1.  Northeast  Wisconsin  Technical  Institute,  Green  Bay  Campus 
2740  West  Mason  St. 

Green  Bay,  WI  54303 

Dr.  Gerald  D.  Prindiville,  District  Director 
Mr.  Patrick  P.  Humphries,  Asst.  District  Director 
Mr.  John  Pogorelc,  Industrial  Trades  Coordinator 
Mr.  John  King,  Welding  Instructor 
Mr.  Quinten  Ruprecht,  Science  Instructor 

Northeast  Wisconsin  Technical  Institute,  Marinette  Campus 
1601  University  Ave . 

Marinette,  WI  54143 

Mr.  Dale  Lang,  Welding  instructor 

Mr.  Malcome  Schreiner,  Welding  Instructor 


2.  Anderson  Laboratories,  Inc. 

6330  Industrial  Loop 
Greendale,  WI  53129 

Mr.  Ralph  B.  Meyer,  Manager 

Mr.  Richard  Krause,  Metallurgist 


Mr.  Alan  J.  Wos,  Q.A.  Consultant 


SPECIAL  ACKNOWLEDGEMENTS: 


The  author  wishes  to  express  his  appreciation  to  the 
following  electrode  manufacturers  and  their  staffs  for  their 
participation  in  this  project  and  for  their  technical  support 

1.  L-Tee  Welding  and  Cutting  Systems 

(Formerly  "Linde",  Division  of  Union  Carbide  Corp.) 

120  South  Riverside  Plaza 
Chicago,  IL  60606 

Mr.  D.  B.  Peterson  -  Manager  -  Welding  Processes  - 
Industrial  Gasses  Department 

Mr.  W.  T.  (Tom)  Bean  -  Sales  Representative  -  Welding 
Products  Department 

Mr.  Jack  Gruselle  -  Green  Bay  Welding  Supply 

2.  Tri  Mark  Industries 
8585  Industry  Park  Drive 
Piqua,  OH  45356 

Mr.  Michael  Merlo  -  Director  of  Research  &  Development 

3.  Teledyne  McKay 
850  Grantly  Road- 
P.O.  Box  1509 
York,  PA  17405 

Mr.  John  H.  Bradbury  -  Project  Manager  -  welding  products 
Division 

4.  Alloy  Rods  Inc. 

Wilson  Ave . 

P.O.  Box  517 
Hanover,  PA  17331 

Mr.  Joseph  L.  Scott  -  Manager,  New  Market  Development 
Ms.  Shirly  Bollinger  -  New  Market  Development 


In  addition  to  the  above,  a  special  thank  you  to  Miss 
Kathy  LeCloux  and  Julie  Koch  for  their  patience  and  excellent 
effort  in  typing  this  report  and  to  Mr.  James  Lynch  for  his 
photographic  support. 


VOLUME  1 


TABLE  OF  CONTENTS 

Page 

1 .  Foreword  ±± 

2 .  Acknowledgements  v 

3.  Table  of  Contents  0 

4 .  Introduction  X 

5-  Process  Description  3 

6.  Submerged  Arc  Welding  Equipment  11 

7.  Base  Materials  Welded  15 

8-  Electrode/Flux  -  Designation  Codes  24 

9.  Weld  Joint  Design  and  Procedure  Limits  27 

10.  Weld  Tooling  32 

11.  Procedure  Test  Records'  40 

12.  Weld  Test  Results  57 

13.  Evaluation  of  Test  Results  (Conclusion)  87 

14.  Summary  I37 

15.  References  140 

16.  Appendix  A.  Tensile  Test  Forms  142 

B.  Charpy  Test  Forms  I59 

C.  Hardness  Test  Forms  174 

D.  Spectrographic  Forms  191 


ccrrTTnr.i  h 
OL_u  i  iun  4 


INTRODUCTION 


1 


INTRODUCTION 


The  primary  objective  of  this  project  was  to  evaluate  the 
operating  characteristics  of  flux  core  and  metal  core  electrodes 
designed  for  use  with  the  Submerged  Arc  Welding  Process.  These 
electrodes  have  been  described,  in  vendor  literature,  as  the 
"new  generation"  of  submerged  arc  welding  electrodes  that  can 
be  tailored  to  suit  almost  all  base  metal  chemistries,  thus 
capable  of  producing  superior  weld  metal  deposits.  in  view  of 
the  fact  that  shipbuilding  and  ship  related  steel  fabrication 
utilizes  the  Submerged  Arc  Welding  Process,  it  was  determined 
that  these  electrodes  were  worthy  of  investigation.  in  the 
initial  investigation  of  these  electrodes,  we  discovered  that 
availability  of  tubular  flux  core  and/or  metal  core  electrodes 
designed  for  submerged  arc  welding  were  not  readily  available. 
Several  major  electrode  manufacturers  do  not  make  this  type  of 
electrode  due  to  lack  of  demand  by  steel  fabricators.  in  ad¬ 
dition,  electrode  manufacturers  have  found  that  fabricated 
'  electrodes  have  a  tendency  to  develop  deposit  inconsistencies 
due  to  the  difficulty  in  maintaining  the  elements  in  the  flux 
powder  homogeneously  and  eliminating  hydrogen  in  the  powder 
deposit.  These  problems  have  been  solved  by  some  electrode 
manufacturers;  however,  not  all  manufacturers  have  opted  to 
develop  this  technology  into  a  new  product  line. 
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SECTION  5 


PROCESS  DESCRIPTION 


THE  SUBMERGED-ARC  PROCESS 


Submerged-arc  welding  differs  from  other  arc  welding  proc¬ 
esses  in  that  a  blanket  of  fusible,  granular  material  -  commonly 
called  flux  -  is  used  for  shielding  the  arc  and  the  molten  metal. 
The  arc  is  struck  between  the  workpiece  and  the  bare  wire"  elec¬ 
trode,  the  tip  of  which  is  submerged  in  the  flux.  Since  the 
arc  is  completely  covered  by  the  flux,  it  is  not  visible  and 
the  weld  is  run  without  the  flash,  spatter,  and  sparks  that 
characterize  the  open-arc  processes.  The  nature  of  the  flux 
is  such  that  very-little  smoke  or  visible  fumes  are  developed. 

THE  MECHANICS  OF  FLUX  SHIELDING 

The  process  is  either  semiautomatic  or  full  automatic,  with 
electrode  fed  mechanically  to  the  welding  gun,  head,  or  heads. 

In  semiautomatic  welding,  the  welder  moves  the  gun,  usually 
equipped  with  a  flux-feeding  device,  along  the  joint.  Flux  feed 
may  be  by  gravity  flow  through  a  nozzle  concentric"  with  the 
electrode  from  a  small  hopper  atop  the  gun,  or  it  may  be  through 
a  concentric  nozzle  tube-connected  to  an  air-pressurized  flux 
tank.  Flux  may  also  be  applied  in  advance  of  the  welding  opera¬ 
tion  or  ahead  of  the  arc  from  a  hopper  run  along  the  joint.  In 
fully  automatic  submerged-arc  welding,  flux  is  fed  continuously 
to  the  joint  ahead  of  or  concentric  to  the  arc,  and  full-auto¬ 
matic  installations  are  commonly  equipped  with  vacuum  systems 
to  pick  up  the  unfused  flux  left  by  the  welding  head  or  heads 
for  cleaning  and  reuse. 

During  welding,  the  heat  of  the  arc  melts  some  of  the  flux 
along  with  the  tip  of  the  electrode.  The  tip  of  the  electrode 


and  the  welding  zone  are  always  surrounded  and  shielded  by  molten 
flux,  surmounted  by  a  layer  of  unfused  flux.  The  electrode  is 
held  a  short  distance  above  the  workpiece,  and  the  arc  is  between 
the  electrode  and  the  workpiece.  As  the  electrode  progresses 
along  the  joint,  the  lighter  molten  flux  rises  above  the  molten 
metal  in  the  form  of  a  slag.  The  weld  metal,  having  a  higher 
melting  (freezing)  point,  solidifies  while  the  slag  above  it 
is  still  molten.  The  slag  then  freezes  over  the  newly  solidified 
weld  metal,  continuing  to  protect  the  metal  from  contamination 
while  it  is  very  hot  and  reactive  with  atmospheric  oxygen  and 
nitrogen.  Upon  cooling  and  removal  of  any  unmelted  flux  for 
reuse,  the  slag  is  readily  peeled  from  the  weld. 

There  are  two  general  types  of  submerged-arc  fluxes,  bonded 
and  fused.  In  the  bonded  fluxes,  the  finely  ground  chemicals 
are  mixed,  treated  with  a  bonding  agent  and  manufactured  into 
a  granular  aggregate.  The  deoxidizers  are  incorporated  in  the 
flux.  The  fused  fluxes  are  a  form  of"  glass  resulting  from 
fusing  the  various  chemicals  and  then  grinding  the  glass  to  a 
granular  form.  Fluxes  are  available  that  add  alloying  elements 
to  the  weld  metal,  enabling  alloy  weld  metal  to  be  made  with 
mild  steel  electrode.  - 

ADVANTAGES  OF  THE  PROCESS 

High  currents  can  be  used  in  submerged-arc  welding  and 
extremely  high  heat  developed.  Because  the  current  is  applied 
to  the  electrode  a  short  distance  above  its  tip,  relatively 
high  amperages  can  be  used  on  small  diameter  electrodes.  This 
results  in  extremely  high  current  densities  on  relatively  small 
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can  be  carried  on  electrodes  as  small  as  5/64  in.,  giving  a 
density  in  the  order  of  100,000  amperes  per  square  inch  -  six 
to  ten  times  that  carried  on  stick  electrodes. 

Because  of  the  high  current  density,  the  melt-off  rate  is 
much  higher  for  a  given  electrode  diameter  than  with  stick- 
electrode  welding.  The  melt-off  rate  is  affected  by  the 
electrode  material,  the  flux,  type  of  current,  polarity,  and 
length  of  wire  beyond  the  point  of  electrical  contact  in  the 
gun  or  head. 

The  insulating  blanket  of  flux  above  the  arc  prevents 
rapid  escape  of  heat  and  concentrates  it  in  the  welding  zone. 

Not  only  are  the  electrode  and  base  metal  melted  rapidly,  but 
the  fusion  is  deep  into  the  base  metal.  The  deep  penetration 

allows  the  use  of  small  welding  grooves,  thus  minimizing  the 
amount  of  filler  metal  per  foot  of  joint  and  permitting  fast  . 
welding  speeds.  Fast  welding,  in  turn,  minimizes  the  total  heat 
input  into  the  assembly  and,  thus,  tends  to  prevent  problems 
of  heat  distortion.  Even  relatively  thick  joints  can  be  welded 
in  one  pass  by  the  submerged  arc  process. 

Welds  made  under  the  protective  layer  of  flux  have  good 
ductility,  impact  resistance  and  uniformity  in  bead  appearance. 
Mechanical  properties  at  least  equal  to  those  of  the  base  metal 
are  consistently  obtained.  In  single-pass  welds,  the  fused 
base  material  is  large  compared  to  the  amount  of  filler  metal 
used.  Thus,  in  such  welds  the  base  metal  may  greatly  influence 
the  chemical  and  mechanical  properties  of  the  weld.  p0r  this 
reason,  it  is  sometimes  unnecessary  to  use  electrodes  of  the 
same  composition  as  the  base  metal  for  welding  many  of  the  low- 


pass  welds  are  less  affected  by  the  base  metal  and  depend  to 
a  greater  extent  on  the  composition  of  the  electrode,  the  ac¬ 
tivity  of  the  flux,  and  the  welding,  conditions. 

Through  regulation  of  current,  voltage,  and  travel  speed, 
the  operator  can  exercise  close  control  over  penetration  to 
provide  any  depth  ranging  from  deep  and  narrow  with  high-crown 
reinforcement,  to  wide,  nearly  flat  beads  with  shallow  penetra¬ 
tion.  Beads  with  deep  penetration  may  contain  on  the  order  of" 

70%  melted  base  metal,  while  shallow  beads  may  contain  as  little 
as  10%  base  metal.  In  some  instances,  the  deep  penetration 
properties  of  the  submerged  arc  welding  process  can  be  used  " 
to  eliminate  and  reduce  the  expense  of  edge  preparation. 

Multiple  electrodes  may  be  used,  two  side  by  side  or  two 
or  more  in  tandem,  to  cover  a  large  surface  area  or  to  increase 
welding  speed.  If  shallow  penetration  is  desired  with  multiple 
electrodes,  one  electrode  can  be  grounded  through  the  other 
(instead  of  through  the  workpiece)  so  that  the  arc-does  not 
penetrate  deeply. 

Deposition  rates  are  high  -  up  to  ten  times  those  of  stick 
electrode  welding. 

Submerged-arc  welding  may  be  done  with  either  DC  or  AC 
power.  Direct  current  gives  better  control  of  bead  shape, 
penetration,  and  welding  speed,  and  arc  starting  is  easier  with, 
it.  Bead  shape  is  usually  best  with  DC  reverse  polarity  (electrode 
positive),  which  also  provides  maximum  penetration.  Highest 
deposition  rates  and  minimum  penetration  are  obtained  with  DC 
straight  polarity.  Alternating  current  minimizes  arc  blow  and 
gives  penetration  between  that  of  DCRP  and  DCSP. 


APPLICATIONS  and  ECONOMIES 


With  proper  selection  of  equipment,  submerged-arc  is  widely 
applicable  to  the  welding  requirements  of  industry.  it  can  be 
used  with  all  types  of  joints,  and  permits  welding  a  full  range 
of  carbon  and  low-alloy  steels,  from  16-gage  sheet  to  the  thickest 
plate.  It  is  also  applicable  to  some  high-alloy,  heat-treated, 
and  stainless  steels,  and  is  a  favored  process  for  rebuilding 
and  hardsurf acing .  Any  degree  of  mechanization  can  be  used  - 
from  the  hand-held  semi-automatic  gun  to  boom  or  track-carried 
and  fixture-held  multiple  welding  heads. 

The  high  quality  of  submerged-arc  welds,  the  high  deposi¬ 
tion  rates,  the  deep  penetration,  the  adaptability  of  the  process 
to  full  mechanization,  and  the  comfort  characteristics  (no  glare, 
sparks,  spatter,  smoke,  or  excessive  heat  radiation)  make  it 

a  perferred  process  in  steel  fabrication.  It  is  used  extensively 
in  ship  and  barge  building,  railroad  car  building,  pipe  manufacture, 
and  in  fabricating  structural  beams,  girders,  and  columns  where 
long  welds  are  required.  Automatic  submerged-arc  installations 
are  also  key  features  of  the  welding  areas  of  plants  turning  out 
mass-produced  assemblies  joined  with  repetitive  short  welds. 

The  high  deposition  rates  attained  with  submerged-arc  are 
chiefly  responsible  for  the  economies  achieved  with  the  process. 

The  cost  reductions  when  changing  from  the  manual  shielded  metal- 
arc  process  to  submerged-arc  are  frequently  dramatic.  Thus,  a 
hand-held  submerged-arc  gun  with  mechanized  travel  may  reduce 
welding  costs  more  than  50%;  with  fully  automatic  multiarc  equip¬ 
ment,  it  is  not  unusual  for  the  costs  to  be  approximately  10  per¬ 
cent  of  those  attained  with,  stick-electrode  welding. 


Factors  other  than  deposition  rates  enter  into  the  reduction 
of  welding  costs.  Continuous  electrode  feed  from  coils,  ranging 
in  weight  from  60  to  1,000  pounds,  contributes  to  a  high  operating 
factor.  Where  the  deep-penetration  characteristics  of  the  proc¬ 
ess  permit  the  elimination  or  reduction  of  joint  preparation, 
expense  is  lessened.  After  the  weld  has  been  run,  cleaning 
costs  are  minimized  because  of  the  elimination  of  spatter  by 
the  protective  flux. 

When  submerged-arc  equipment  is  operated  properly,  the  weld 
beads  are  smooth  and  uniform,  so  that  grinding  or  machining 
is  rarely  required.  Since  the  rapid  heat  input  of  the  process 
minimizes  distortion,  the  costs  for  straightening  finished  as¬ 
semblies  are  reduced,  especially  if  a  carefully,  planned  welding 
sequence  has  been  followed.  Submerged-arc  welding,  in  fact, 
often  allows  the  premachining  of  parts,  further  adding  to  fab¬ 
rication  cost  savings. 

A  limitation  of  submerged-arc  welding  is-that  imposed  by 
the  force  of  gravity.  In  most  instances,  the  joint  must  be 
positioned  flat  or  horizontal  to  hold  the  granular  flux.  To 
deal  with  this  problem,  weldment  positioners  are  used  to  turn 
assemblies  to  present  joints  flat  or  horizontal  -  or  the  assemblies 
may  be  turned  or  rotated  by  a  crane.  Substantial  capital  invest¬ 
ments  in  positioning  and  fixturing  equipment  in  order  to  use 
submerged-arc  welding  to  the  fullest  extent,  and  thus  gain  full 
advantage  of  the  deposition  rate,  have  proved  their  worth  in 
numerous  industries.  Special  fixturing  and  tooling  have  been 
developed  for  the  retention  of  flux  and  molten  metal  in  some 
applications,  so  that  "three-o'clock"  and  even  vertical-up  welding 
is  possible. 


9 


Although  they  are  not  truly  limitations,  problems  can  arise 
m  the  use  of  submerged-arc  resulting  from  improper  joint  pre- 
paration  and  improper  procedures.  ^  ,  -flash_through.  of  the 
arc,  burn-through,  and  weld  porosity  result  from  such  factors 
as  improper  procedures,  poor  fitup  and  joint  contaminants. 


SECTION  6 


SUBMERGED  ARC  WELDING  EQUIPMENT 


SUBMERGED  ARC  WELDING  EQUIPMENT 


The  power  source  used  in  this  program  was  a  Lincoln 
DC-1500  three  phase  rectifier  type,  set  in  the  Constant 
Voltage  control  mode.  This  power  source  has  input  line 
voltage  compensation  which  will  maintain  constant  secondary 
output  up  to  a  ±10%  line  fluctuation  value.  It  is  also 
eguipped  with  an  SCR-type  control  circuit  which  provides 
precise  control  of  voltage  and  amperage  setting  as  well  . 
as  having  excellent  starting  characteristics  needed  for 
submerged  arc  welding. 

Control  was  provided  by  a  Lincoln  NA-3  solid  state 
wire  feeder-head  eguipped  with  an  optional  start  control 
board,  and  full  metering  capabilities  for  Voltage,  Amperage 
and  Wire  Feed  Speed  in  inches  per  minute.  The  control  head 
was  set  for  reverse  polarity  operation  (electrode  +)  in  the 
constant  voltage  mode.  The  head  was  coupled  to  a  Lincoln 
wire  feed  motor  and  gear  box  to  which  a  mechanical  wire 
straightener  and  Lincoln  model  K-148  torch  were  attached. 

This  torch  has  a  tang  contact  system  which  provides  positive 
electrical  contact  at  the  nozzle  of  the  assembly. 

All  meters  were  calibrated  at  the  start  of  the  program 
and  were  checked  at  90  day  intervals.  The  wire  feed  speed 
meter  was  also  verified  on  each  pass  by  the  use  of  a  Lincoln 
hand  held  digital  wire  feed  speed  meter. 
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Only  one  correction  was  made  during  the  length  of  the 
program.  This  was  to  the  amperage  meter  to  correct  a  20  to 
25  amp  error  on  April  25,  1985.  There  were  only  three 
procedures  run  subsequent  to  this  date:  HY-8-AC1, 

HY-8-AC-HHI-1  and  HY-O-AC-1 .  Because  the  program  was  dependent 
on  all  electrodes  operating  at  the  exact  same  amperage  there 
may  be  a  4  to  5  percent  difference  due  to  meter  drift  on 
these  procedures. 
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LINCOLN  NA-3  HEAD  AND  K-148  TORCH  MOUNTING 


SECTION  7 


BASE  MATERIALS  WELDED 


BASE  MATERIALS  WELDED 


The  specific  steels  selected  for  this  program  cover 
the  shipbuilding  industry  as  a  whole,  both  commercial 
and  military.  They  were  selected  to  reflect  the  current 
technological  level  in  steels  on  the  higher  end  of  the 
spectrum  in  tensile  strength  and  impact  resistance  or 
corrosion  resistance  requirements. 

American  Bureau  of  Shipping  steel  EH-36  was  selected 
to  represent  typical  steels  used  in  commercial  construction 
applications  where  higher  strength  or  impact  resistance  is 
required . 

A  316L  stainless  steel  was  selected  to  represent 
applications  where  corrosion  resistance  is  a  primary  concern. 

two  grades  of  steel  were  selected  to  represent  military 
applications,  HY-80  and  HY-100  conforming  to  MIL-S-16216  J. 

The  physical  test  reports  on  these  materials  are 
included  for  comparison  purposes  and  information. 
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Metal  Core  100S-2 
Alloy  .Cored  100S-1 


Linde  709-5  (Solid  Wire) 
Linde  80 

Oerlikon  OP  121  tt. 
Oerlikon  OP  121tt 


High  Heat  Input  -  Alloy  Cored  100S-1 

Reformulation  -  Alloy  Cored  10 0S-1 

High  Heat  Input  -  Reformulated  A.C.  10 0S-1 


HY-100 
Plate  Code 
HY-0-CS 
HY-0-AC 


HY-0-AC-1 


Wire 


Flux 


Linde  120  Linde  709-5  (Solid  Wire) 

Alloy  Cored  120S-1  Oerlikon  OP  121tt 
Reformulation  -  Alloy  Cored  120S-1 


8/22/85 


TRADE  NAMES  BY  MANUFACTURER 

MARAD  PROJECT  3205  -  FLUX  CORED  S.A.W.  R&D  ELECTRODES 


SOLID 

WIRES/CONTROL 

FLUX 

BASE  MATERIAL 

PLATE  CODE 

LINDE 

- 

Linde 

36 

Linde 

20 

EH- 3  6 

EH-6-CS 

T  A 

j_j  j-ahuc: 

Q  e 
./  _> 

T  4 

llXllUC 

-7  n  n  _  c 
l  \J 

tiv_  o  n 

n.jL  —  o  u 

ttt  t  a  n  n 

ni"o^o 

T.i  nr?<= 

12Q 

Linde 

709-5 

hv  —  i  rm 

-*•  V  V 

- 

uv_  n— ncz 

-LA  -L.  V/ 

Linde 

316L 

Linde 

80 

316L 

SS-L-CS 

METAL 

CORE  WIRES 

FLUX 

BASE  MATERIALS 

PLATE  CODE 

TELEDYNjs  MCKAY 

- 

«  J3 
lJJJCCU 

hit  "7  A  _  r> 

nuu^  /  u  — o 

T  4 

o  r\ 
o  u 

T-ITT  *5  f~ 

jjii'JD 

EH-6-FC 

gpog  J 

Alloy  9Q-S 

Linde 

80 

HY-8  0 

UV_  Q  —TT'/''' 

11X  U  0.  v_ 

Speed 

Alloy  110-S 

Linde 

80 

HY-100 

HY-0-FC 

In-Flux  316L  G/S 

Oerlikon  OP- 

•76  316L 

SS-L-FC 

ALLOY 

RODS 

- 

Alloy 

Cored  100S-1 

Oerlikon  OP 

121  tt* 

HY-8  0 

HY-8 -AC 

**  1  T _ 

/m _ -  -  J  T  n  n  n  1 

V^UitiU  1ZUO  —  X 

Oerlikon  OP 

121  tt* 

KY— 10  0 

HY-0-AC 

TRI-MARK 

Metal 

Core  100S-2 

Oerlikon  OP 

121  tt* 

HY-8  0 

HY-8-MC 

*{ German  Made  Flux) 
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WELDING  PROCEDURE  SPECIFICATION 


BHH  85 


WELDING  PROCEDURE  SPECIFICATION 


bay  shipbuilding  corp. 

Department  of 
Welding  Engineering 


RASF  MATFRTAI  316L 

fi  FnunnF  n  ass  316l 
i  STICKQUT  •  1" 

PULARITY  Reverse _  ' 

foUDE  Constant  Voltage 

PREHEAT  TEMP.  i5o°f  MINIMUM 

9 

INTERPASS  TEMP.  350°F MAXIMUM 
|  TRAVEL  SPEED  12  I.P.M.  • 

! 

1 

JOINT  FIT  UP  TOLERANCES 

45°+5° 

JT~\  /  l 
Li  \  /  V 

y  t 

/  - i  |< - 3/1S"-7/32" 

•  /  Root  gap 

1/4"  2C  1  1/4" 

Backing  bar 

WELD 

LAYER(S) 

PROCESS 

FILLER  METAL 

CURRENT  . 

VOLTAGE 

TRAVEL 

SPEED 

CLASS 

DIA. 

TYPE 

POLAR. 

AMPERAGE 

1-Face 

S.A.W. 

316L  • 

3/32' 

Reverse 

350 

30 

12 

BASE  METAL  PREPARATION  —  EDGES  OF  SURFACES  TO  BE  WELDED  SHALL  BE  PREPARED  BY  SHEAR¬ 
ING.  MACHINING.  GRINDING  OR  THERMAL  CUTTING,  AND  FREE  OF  ALL  FOREIGN  MATERIAL  SUCH  AS 
OIL,  GREASE  AND  EXCESSIVE  SCALE  OR  RUST. 


WELD  LAYER  METAL  DEPOSIT  APPEARANCE  —  UNDERCUTTING  ON  SIDE  WALLS  OF  GROOVE  OR 
ADJOINING  BASE  METAL  SHALL  NOT  BE  PERMITTED. 


HH  85 

WELDING  PROCEDURE  SPECIFICATION 

bay  shipbuilding  corp.  _ __ 

Department  of 
Welding  Engineering 


BASE  MATERIAL  wv-an 


ELECTRODE  CLASS 
STICKOUT 


i nns-i 


1  n 


POLARITY. 

MUDE _  rnnqj-aTri-  Vnlfagp 


PREHEAT  TEMP.  ?nn°v  MINIMUM 
INTERPASS  TEMP.dnn°F  MAXIMUM 
TRAVEL  SPEED  is  I.P.H.  • 


JOINT  FIT  UP  TOLERANCES 


45°+5° 


A 


V  i" 

Ll 


3 

\ 


j 


4  k- 


1/4"  x  1  1/4" 
Backing  bar 


3/1S.,,-7/32" 

Root  gap 


FILLER  METAL 

CURRENT  • 

WELD 

LAYER(S) 

PROCESS 

CLASS 

DIA. 

TYPE 

POLAR. 

AMPERAGE 

1.-4 

S.A.W. 

100S-1  . 

3/32’ 

Reverse 

350 

5-Face 

S.A.W. 

100S-1 

3/32' 

Reverse 

500 

VOLTAGE 


TRAVEL 

SPEED 


30 

32 


18 

18 


BASE  METAL  PREPARATION  —  EDGES  OF  SURFACES  TO  BE  WELDED  SHALL  BE  PREPARED  BY  SHEAR¬ 
ING,  MACHINING,  GRINDING  OR  THERMAL  CUTTING,  AND  FREE  OF  ALL  FOREIGN  MATERIAL  SUCH  AS 
OIL,  GREASE  AND  EXCESSIVE  SCALE  OR  RUST.  * 

WELD  LAYER  METAL  DEPOSIT  APPEARANCE  -  UNDERCUTTING  ON  SIDE  WALLS  OF  GROOVE  OR 
ADJOINING  BASE  METAL  SHALL  NOT  BE  PERMITTED. 
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SECTION  10 


WELD  TOOLING 


WELD  TOOLING 


The  hold  down  fixture  used  in  this  program  was  fabricated 
from  a  piece  of  3"  x  24"  x  42"  ABS  Grade  A  plate  steel.  A  1  "  v  9" 

slot  was  milled  in  the  fixture  to  allow  a  relief  for  the  backing 

bars  on  procedure  test  plates.  len  3/4"  high  strength  (H.S.)  bolts  with  dogs 
were  used  to  clamp  the  plate  in  place  and  prevent  rotational 

distortion.  Three  3/4"  x  8"  x  24"  strong  backs  were  welded  to 

the  underside  of  the  fixture  to  provide  a  high  level  of  restraint 
to  simulate  job  site  conditions  common  to  shipbuilding  fabrications. 

The  side  beam  carriage  was  a  Pandjiris  model  VSC-40-12 
mounted  on  a  Pandjiris  model  PBT-15/144  side  beam.  The  travel 
mechanism  was  a  Pandjiris  tachometer  control  type  which  is  solid 
state  controlled  to  regulate  travel  speeds  precisely  regardless 
of  differing  resistance  on  the  carriage  guide  rollers  or  cable 
rack . 


The  voltage  and  wire  feed  speed  settings  were  frequently 
double  checked  using  a  Lincoln  Voltage  Indicator,  No.  M-12421, 
and  a  Lincoln  Wire  Speed  Meter,  No.  M-13367. 

The  scale  used  for  all  weight  measurements  on  test  plates 
and  wire  spools  was  a  Detecto  Model  4570.  It  has  a  130  lb. 

capacity  with  a  H  ounce  accuracy. 


Preheat  and  Interpass  temperatures  were  verified  by  a 
Pacific  Transducer  Corporation  surface  thermometer,  model  PTC-313F. 


HOLD  DOWN  FIXTURE  (3"  x  24"  x  42") 


COMPLETED  EH-6-CS  PROCEDURE  SHOWING  P.T.C.  SURFACE  THERMOMETER 


COMPLETED  EH-6-CS  PROCEDURE  ON  DETECTO  SCALE 


SECTION  11 


PROCEDURE  TEST  RECORDS 


TEST  PLATE  PROCEDURE  MARAD  3205 


INSTRUCTIONS  TO  OPERATOR 

1.  Weigh  Test  Plate  after  fit  up  and  wire  brushing. 

2.  Weigh  Wire  Spool  Assy.  (Keep  all  wire  clippings). 

3.  Bolt  plate  down  and  preheat  -  check  with  thermometer. 

4.  Weld  at  root  pass  settings  specified. 

5.  Check  Volts,  Amps,  wire  feed  speed  (WFS) ,  and  Time. 

6.  Check  Interpass  Temperature  and  record. 

7.  Repeat  4,5,6  thru  pass  #4. 

8.  Reweigh  Test  Plate  and  Wire  Spool  and  record. 

9.  Re-install  in  fixture  and  preheat. 

10.  Deposit  fill  passes  as  required. 

11.  Monitor  Volts,  Amperage  and  Wire  Feed  Speeds  and  record 
for  all  passes.  (Verify  W.F.S  with  hand  meter.) 

12.  Record  time  in  seconds  for  all  passes. 

13.  Use  sheetmetal  template  to  set  Electrical  Stick  Out  (E.S.O.) 
for  each  pass. 

14.  Monitor  Interpass  temperatures.  Do  not  exceed  maximum 
specified  temperatures. 

15.  Record  any  observations  or  comments  that  pertain  to  the 
wire-flux  combination  in  use. 

16.  After  plate  cools  to  ambient  temperature,  remove 

for  final  weight  and  stamping  operations  prior  to  mechanical 
testing. 

17.  Clean  spatter  and  remove  backing  bar  by  milling  prior  to 
releasing  plate  for  radiographic  testing. 


Spe 
( Inches ) 


Elapsed 

Time  Heat 

( Inches  )|  ( Seconds  )  Input 

K.j.P. I 


Weights 

o  +-  Pi  af  O  SepenmUl 


WPT.riTMr:  cpnnPMn? 


PROCEDURE  TEST  RECORD 


PROCEDURE  TEST  RECORD 


Plate  Code — HY-a-Mf-  Date  6-14-84 


Operator  T . 

Recorder - _ Hal  ve-r^ng 


Pass 

No. 

Voltage 

Amperage 

Wire  Feed 
Speed 
( Inches ) 

Travel 
Speed 
( Inches ) 

Elapsed 

Time 

(Seconds ) 

Heat 

Input 

K. J.P.I. 

R1 

30 

350 

82 

18 

90 

35.0 

R2 

_ 30 

350 

81 

18 

90 

35.0 

R3 

350 

82 

18 

90 

35 . 0 

R4 

_ 3,50 

82 

18 

90 

35.0 

F5 

_ 32 

500 

140 

18 

90 

53  3 

P6 

_ 32 

_ 500 

140 

'  18 

90 

53 . 3 

F7 

_ 32 

_ S-0-0- 

140 

18 

90 

53 . 3 

F8 

_ 32 

_ 500 

140 

18 

90 

53.3 

F9 

_ 32 

_ 500 

140 

18 

90 

53.3 

F10 

_ 32 

_ 500 

140 

18 

90 

53.3 

Fll 

_ 32 

_ 500 

140 

18 

90 

53.3 

F12 

_ 32 

_ 500 

I _ 140, 

18 

90 

53 . 3 

F13 

_ 32 _ 

_ 500 

140 

18 

90 

53 . 3 

F14 

_ 32 

_ 5  00 

_ 140 

18 

90 

53.3 

F15 

_ 32_ 

_ 500 

_ 140 

18 

90 

53  3 

F16 

32 

_ 500 

_ 1-4  0 

18 

90 

53  3 

F17 

_ 32 

_ 500 

_ 14(1 

18 

90 

53  3 

F18 

Weights 

Test  Plate  Asssemblv 


StartJL05ziI2Rootl06-i  iEndH2-T 
Deposited  Metali<  -Root 

£6  ’Fill 

Electrode  Spool 


Start  74-4  Root73-4  End  67-1,1 
Expended  Electrode  16  Root 


Weights 


Test  Plate  Asssembl 


pi  1 1 


i¥] 


wa»i 


(Inches ) 


wS^VTi/ 

r^v^rr 


*  .  > ,  *  .  Heat 

( Inches)!  ( Seconds)!  input 

K. J.P.I 
35.0 


35.0 


Weights 

Test  Plate  Asssembly 

Start  105-lQRoot  1Q6-8  End  111-12 

Deposited  Metal  ?  -Root 

84  -Fill 

Electrode  Spool 

Start  55-6  Root  54-9  End  49-3 
Expended  Electrode  i  o  Root 


T.TPT  r\T\t/i 


WFT.nTXTr;  c-c,nn'FX'rr,'p 


Weights 

Test  Plate  Asssembly 

Start  106-6  Root  107-3  End  113-12 

Deposited  Metal  1  ^  -Root 


105  -Fill 


Expended  Electrode  14  Root 

106 _ Fill 


PROCEDURE  TEST  RECORD 


Plate  Code  HY— 0—CS 


Date  7-3-84 _ 

Operator  J.  Dart _ 

Recorder  B.  Halverson 


Pass 

No. 

Voltage 

Amperage 

Wire  Feed 
Speed 
( Inches ) 

Travel 
Speed 
(Inches ] 

Elapsed 

Time 

( Seconds ) 

Heat 

Input 

K. J.P.I. 

R1 

30 

350 

66 

18 

90 

35.0 

R2 

30 

350 

67 

18 

90 

35 . 0 

R3 

30 

350 

68 

18 

90 

35.0 

R4 

30 

350 

68 

18 

90 

35.0 

F5 

32 

500 

112 

18 

90 

53.3 

F6 

32 

500 

112 

*  18 

90 

53 . 3 

F7 

32 

500 

112 

18 

90 

53.3 

F8 

32 

500 

113 

18 

90 

53 . 3 

F9 

32 

500 

112 

18 

90  ' 

53.3 

F10 

32 

500 

112 

18 

90 

53 . 3 

Fll 

32 

500 

113  . 

18 

88 

53 . 3 

F12 

32 

500 

113 

18 

90 

53 . 3 

F13 

32 

500 

112 

18 

88 

53.3 

F14 

32 

500 

113 

18 

90 

53.3 

F15 

32 

500 

112 

18 

90 

53 . 3 

F16 

32 

500 

112 

18 

88 

53.3 

F17 

32 

112 

18 

89 

53  3 

F18 

Weights 

Test  Plate  Asssembly 
Startj_Q_5-.j_4Root  i  pfi-i  nEnd  110-14 
Deposited  Metal t  7  -Root 

68  -’Fill 

Electrode  Spool 

start^41^Q__RQQt_^-3_  End  41-15 
Expended  Electrode  i  -3  Root 

Fill 


68 


PROCEDURE  TEST  RECORD 


Plate  Code  HY-O-FC 


Date  7— 9— ft  4 _ 

Operator  j.  Dart _ 

Recorders.  Halverson 


Pass 

No. 

Voltage 

Amperage 

Wire  Feed 
Speed 
(Inches ) 

Travel 
Speed 
( Inches ) 

Elapsed 

Time 

( Seconds ) 

Heat 

Input 

K. J.P.I. 

R1 

30 

350 

75 

18 

90 

35.0 

R2 

30 

350 

75 

18 

90 

35.0 

R3 

30 

350 

75 

18 

90 

35.0 

R4 

30 

350 

75 

18 

90 

35.0 

F5 

32 

500 

134 

18 

90 

53.3 

F6 

32 

500 

134 

'  18 

89 

53.3 

F7 

32 

500 

133 

18 

89 

53.3 

F8 

32 

500 

133 

18 

90 

53.3 

F9 

32 

500 

133 

18 

90 

53.3 

F10 

32 

500 

133 

18 

90 

53.3 

Fll 

32 

500 

133 

18 

89 

53.3 

F12 

32 

500 

133 

18 

90 

53.3 

F13 

32 

500 

133 

18 

90 

53.3 

F14 

32 

500 

133 

18 

89 

53.3 

F15 

32 

500 

134 

18 

90 

53.3 

F16 

32 

500 

134 

18 

90 

53.3 

F17 

32 

500 

133 

18 

89 

53.3 

F18 

32 

500 

133 

18 

89 

53.3 

Weights 

Test  Plate  Asssemblv 

Start  1Q5-4  Root  infi-nEnd  hq-iq 

Deposited  Metal  i  ?  -Root 

-74  -Fill 

Electrode  Spool 

Start  74-12  Root  73-15  End  69-2 

Expended  Electrode  1  -3 _ Root 

77  Fill 


PROCEDURE  TEST  RECORD 


Plate  Code  hy-O-rc-i  Date  4-29-85 


Operator  h.  Phi  TH ns 
Recorder  b.  Halverson 


Pass 

No. 

Voltage 

Amperage 

Wire  Feed 
Speed 
(Inches ) 

Travel 
Speed 
(Inches ) 

Elapsed 

Time 

(Seconds ) 

Heat  I 
Input  1 
K. J.P.I. 

R1 

30 

350 

72 

18 

97 

35 

R2 

30 

350 

72 

18 

103 

35 

R3 

30 

350 

72 

18 

103 

35 

R4 

30 

350 

73 

18 

102 

35 

F5 

32 

500 

135 

18 

105 

53.3 

F6 

32 

500 

135 

*  18 

107 

53.3 

F7 

32 

500 

135 

18 

107 

53.3  * 

F8 

•  -  32 

135 

18 

105 

53.3 

F9 

32 

500 

135 

18 

101 

53.3 

F10 

32 

500 

135 

18 

113 

53.3 

Fll 

32 

500 

135 

18 

110 

53.3 

F12 

32 

500 

135 

18 

107 

53.3 

F13 

32 

500 

135 

18 

110 

53.3 

F14 

32 

500 

135 

18 

110 

53.3 

F15 

FI  6 

F17 

F18 

Weights 

Test  Plate  Asssembly 

Start  104-2  Root  1Q5-0  End  110-13 

Deposited  Metal t  a  -Root 

93  -Fill 

Electrode  Spool 

Start  72-4  Root7l-5  Endss-S 

Expended  Electrode  i  ^  Root 

95  Fill 


SECTION  12 


WELD  TEST  RESULTS 
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WELD  TESTING 


The  finished  procedure  plates  were  visually  inspected  for 
deficiencies  before  they  were  released  for  testing.  After  the 
backing  bars  were  milled  off  they  were  radiographically  tested 
using  either  Iridium  (IR)  192  or  a  300KV  x-ray  tube. 

The  first  and  second  procedure  plates  run  with  solid  316L 
wire  were  rejected  for  cracking  in  the  center  of  the  weld.  This 
cracking  was  eliminated  on  the  third  procedure  plate  by  reducing 
the  parameter  settings  to  30  volts  and  350  amps  at  12  I.P.M.. 

It  should  be  noted  that  satisfactory  plates  were  produced  by  the 
cored  316L  wire  at  higher  parameter  settings. 

All  other  procedure  plates  were  found  to  be  satisfactory 
by  radiographic  testing. 

Mechanical  test  specimens  were  then  removed  from  the 
plates  in  the  order  depicted  in  Fig.  1.  All  removal  was  accomplished 
using  a  band  saw  to  eliminate  heat  input  effects  associated  with 
thermal  cutting  processes. 

Mechanical  tests  on  EH-36  and  316L  stainless  were  prepared 
and  tested  in  accordance  with  the  ABS  Rules  for  Building  and 
Classing  Steel  Vessels  1984.  Specifications  used  for  testing 
HY-80  and  HY-100  was  MIL-STD-418C . 

Charpy  tests  were  run  with  a  variation  in  that  5  samples 
were  tested  at  each  location.  To  eliminate  scatter,  the  highest 
and  lowest  values  were  not  included  in  the  average  ft.  lbs. 
reported  in  this  report.  All  actual  values  are  included  in  Appendix  B. 


Radiographic  Test  (20“  Min. 


FIGURE  1 


12. 5"  Width 


30”  Length 


TEST  SPECIMENS  -  15  CHARPY  -  2  TRANS.  TENSILE  -  All  WFI  n  w  racc  cnc 
HICROSECTION  -  SPECTROGRAPHIC  -  (  SIDE  S  ’5°5  '  “  '505 


TENSILE  TEST  IN  PROGRESS 


TTMTIIC  HI  PCM  CVTrMPfiMrTrn  tm  nor  rn  nrTrmimir  \/tri  n  nnuiT 


NOTCHED  CHARPY  TESTS 


CHARPY  SPECIMENS  BEING  CHILLED  TO  -60"F 


TIN  I  US  OLSEN  CHARPY  TESTER  AFTER  FREE  SWING  DROP 


HARDNESS  TEST  IN  PROGRESS 


SPECTROGRAPH  I C  TFST  CHAMRFR 


Code  (EH-6-CS) 


Electrode  Linde  36 


Flux  _  Linde  20 


i 

Physical 

Test  Summary 

Tensile  Test 

No. 

Yield  PSI 

Ult.  Tensile 

%Eloncr  Pra  rfnro  T.nraf  i  rm 

Transverse  Weld 

1 

58,008 

81,108 

17  Base 

Transverse  Weld 

2 

56,199 

79,776 

18  Base 

All  Weld  (.505) 

55,500 

83,500 

32  Weld 

Base  Plate  (.505) 

62,871 

78,712 

26  Base 

180°  Bend  Tests 

No. 

Result 

Trans .  Side  Bend 

1 

Passed 

Trans.  Side  Bend 

2 

Passed 

* 

Trans,  side  Bend 

3 

Passed 

Trans.  Side  Bend 

4 

Passed 

Charpy  Impact  Tests 

Weld 

H.A.Z. 

Base 

Average  at  -40  °F 

(Ft. 

Lbs)  *  13.1 

33.8 

103 

*Test  temperature/A 

.B.S 

.  rules  should 

have  been  -22 °F. 

for  automatic  applications. 

rocnl  fori  in  Iowp?  Phamv  Tmnart-  Wa1n^«s_ 

Hardness  Survey 

Weld 

H.A.Z. 

Base 

Average  R30N 

27.9 

oq  n 

•  V 

OC  *7 
*  # 

Spectrographic  Deposit  Analysis 


C 

MN 

P 

S_ 

SI 

NI 

CR 

<.108 

.814 

.010 

.021 

.767 

.186 

<.050 

MO 

V 

CO 

W 

TI 

CU 

AL 

.026 

.007 

<.015 

.015 

<.016 

.038 

<.016 

Note: 

Actual  test 
appendix. 

data  and  explanation 

of  test 

procedures  are 

contained  in 

72 


Code 


Electrode  McKav.. Sneed  Allov  70-s 

Flux  Linde  80 

• 

Physical 

Test  Summary 

Tensile  Test 

No.  Yield  PSI 

Ult.  Tensile  %Elong 

Fracture 

Location 

Ai.uugvcioc  ncm 

1  f-  A  t?  O 

X  O  /  ,  o 

86,749 

n 

40 

Base 

Transverse  Weld 

2  56,352 

85,655 

28 

Base 

All  Weld  (.505) 

52,763 

83,919 

32 

Weld 

Base  Plate  (.505) 

77,114 

92,039 

27 

Base 

180°  Bend  Tests 

No. 

Result 

Trans .  Side  Bend 

1 

Passed 

Trans;  side  Bend 

2 

Passed 

Trans,  side  Bend 

3 

Passed 

Trans,  side  Bend 

4 

Passed 

Charpy  Impact  Tests 

Weld 

H.A.Z. 

Base 

• 

Average  at  -40  °F 

(Ft. Lbs)  *  73-.0 

106.3 

125.3 

*ABS  Rules  Specify  - 

•22 °F.  Test  Temperature  for  automatic 

applications,  - 

40°  for  manual 

Hardness  Survey 

Weld 

H.A.Z. 

Base 

Average  R30N 

37.3 

43.8 

25.7 

Spectrographic  Deposit  -Analysis 

C  MN 

£ 

S.  SI 

NI 

CR 

.115  1.34 

.016 

.016  .412 

.303 

•  v  w 

MO  V 

CO 

W  TI 

CU 

AL 

.029  .024 

.015 

.028  <.016 

<.027 

<.016 

Note:  Actual  test  data  and  explanation  of  test  procedures  are  contained  in 
appendix. 


n  o 


Linde  316L 


Electrode 

Flux  _ Linde  80 


Physical  Test  Summary 


Tensile  Test 

No.  Yield  PSI 

Ult.  Tensile 

%Elong 

Fracture  Location 

Transverse  Weld 

1  54,602 

83,368 

22 

C.L.  Weld 

Transverse  Weld 

2  55,851 

86,170 

37 

C.L.  Weld 

All  Weld  (.505) 

52,272 

87,121 

51 

Weld 

Base  Plate  (.505) 

58,823 

85,294 

32 

Base 

180°  Bend  Tests 

No. 

Result 

Trans.  Side  Bend 

1 

Passed 

Trans.  Side  Bend 

2 

Passed 

Trans,  side  Bend 

3 

Passed 

Trans,  side  Bend 

4 

Passed 

Charpy  Impact  Tests 

Weld 

H.A.Z. 

Base 

Average  at  °F 

(Ft. Lbs) 

N/A 

Hardness  Survey 

Weld 

H.A.Z. 

Base 

Average  R30N 

35.6 

34.5 

26.5 

Spectrographic  Deposit  Analysis 

C  MN 

P. 

_S 

SI 

NI 

CR 

<.039  1.58 

.020 

.020 

.973 

12.4 

16, 

MO  V 

CO 

W 

TI 

CU 

AL 

2.32  N/A 

N/A 

N/A 

N/A 

0 

N/A 

Note:  Actual  test  data  and  explanation  of  test  procedures  are  contained  in 
appendix. 


McKay  Tnflux  31  6T,  G/S 


Electrode 

Flux - Perl  i  kon  OP-76 


Physical  Test  Summary 


Tensile  Test 

No. 

Yield  PSI 

Ult.  Tensile 

%Elong 

PTartnrp  T.nratnftr> 

Transverse  Weld 

1 

56 , 113 

86,131 

42 

C.L.  Weld 

Transverse  Weld 

2 

•• 

55 , 963 

85,321 

38 

C.L.  Weld 

All  Weld  (.505) 

50  ,  000 

85,750 

53 

Weld 

Base  Plate  (.505) 

58,750 

80,500 

41 

Base 

180°  Bend  Tests 

No. 

Result 

Trans.  Side  Bend 

1 

Passed 

Trans .  Side  Bend 

2 

Passed 

• 

Trans  .  Side  Bend 

3 

Passed 

Trans .  Side  Bend 

4 

Passed 

Charpy  Impact  Tests 

Weld 

H.A.Z. 

Base 

Average  at  °F 

(Ft. 

Lbs) 

N/A 

Hardness  Survey 

Weld 

H.A.Z. 

Base 

35 

34.0 

26.7 

Spectrographic  Deposit  Analysis 

C  MN 

P 

S 

SI 

NI 

CR 

<.039  1.93 

.015 

.018 

.531 

13.0 

17.8 

MO  V 

CO 

W 

TI 

CU 

AL 

2.57  N/A 

N/A 

N/A 

N/A 

0 

N/A 

Note:  Actual  test  data  and  explanation  of  test  procedures  are  contained  in 
appendix. 


Code  (hy8cs) 


Electrode  Linde  95 

Flux _ Linde  709-5 


Physical 

Test  Summary 

Tensile  Test  No 

Yield  PSI 

Ult.  Tensile 

%Elong 

Fracture 

Location 

Transverse  Weld  1 

89,843 

111,718 

20 

Base 

Transverse  Weld  2 

91, 324 

113, 013 

21 

Base 

All  Weld  (.505) 

89, 847 

109,340 

26 

Weld 

Base  Plate  (.505) 

91, 414 

109, 848 

21 

Base 

180°  Bend  Tests 

No. 

Result 

Trans.  Side  Bend 

1 

Passed 

Trans.  Side  Bend 

2 

Passed 

Trans.  Side  Bend 

3 

Passed 

Trans.  Side  Bend 

4 

Passed 

Charpv  Impact  Tests 

Weld 

H.A.Z . 

Base 

Average  at  -60°  °F  (Ft. 

■Lbs)  37 . 0 

125.6 

138.3 

Hardness  Survev 

Weld 

E.A.Z . 

Base 

Average  R30N 

43.1 

57.75 

41.0 

Spectrographic  Deposit 

Analysis 

C  MN 

P 

S 

SI 

NI 

CR 

<.108  1.06 

.012 

.009 

.418 

2.13 

.509 

MO  V 

co 

W 

TI 

CU 

AL 

.359  .007 

.020 

.019  <. 

.016 

.030 

< .  01' 

Note:  Actual  test  data  and  explanation  of  test  procedures  are  contained  in 

appendix . 


Code  (HY8FC) 


Electrode  MrKay  2  rvy  QO  — £ 

Flux  T.-ind^  cn _ 

Physical  Test  Summary 


Tensile  Test 

No.  Yield  PSI 

Ult.  Tensile 

%Elonq 

Fracture  Locatio 

Transverse  Weld 

1  91,379 

113, 448 

24 

Base 

Transverse  Weld 

2  89,431 

111, 818 

21 

Base 

All  Weld  (.505) 

88, 190 

107,035 

26 

Weld 

Base  Plate  (.505) 

109, 848 

119, 444 

20 

Base 

180°  Bend  Tests 

No  . 

Result 

Trans.  Side  Bend 

1 

Passed 

Trans.  Side  Bend 

2 

Passed 

Trans.  Side  Bend 

3 

Passed 

Trans.  Side  Bend 

4 

Passed 

Charpv  Impact  Tests 

Weld 

H.A.Z. 

Base 

Averaae  at  .60°  °F 

(Ft. Lbs)  48.3 

141.0 

135.0 

Hardness  Survev 

Weld 

H.A.Z  . 

Base 

Average  R30N 

47 

52.5 

41.8 

Spectroqraphic 

Deposit  Analysis 

C  t 

4N  P 

S 

SI 

NI 

CR 

.108  1 

: 18  .016 

.018 

.382 

2.15 

.273 

MO 

V 

CO 

W 

TI 

CU 

AL 

.253 

.018 

.020 

.008 

<.016 

.047 

<.01 

Note:  Actual  test  data  and  explanation  of  test  procedures  are  contained  in 

appendix . 


Code  ( HY8MC ) 


Electrode 


J.r.3 _ Mar-V  MP  1  <10  R-9_ 


Flux 


-Qe.rlikon  0P121  ^  (0  )■ 


Physical  Test  Summary 


Tensile  Test 

No.  Yield  P5I 

Ult.  Tensile 

%Eionq 

Fracture 

Location 

Transverse  Weld 

1  84,600 

106,800 

25 

Base 

Transverse  Weld 

2  86,262 

107,777 

26 

Base 

All  Weld  (.505) 

ww / / uw 

3HC  On 

f  UwJ  / 

29 

Weld 

Base  Plate  (.505) 

94,191 

106,060 

25 

Base 

180°  Bend  Tests 

No. 

Result 

Trans.  Side  Bend 

1 

Passed 

Trans,  side  Bend 

2 

Passed 

Trans*  Side  Bend 

3 

Passed 

Trans,  side  Bend 

4 

Passed 

Charpy  Impact  Tests 

Weld 

H.A.Z. 

Base 

Averaqe  at  -60°F 

(Ft. Lbs)  54:6 

141.6 

149.3 

Hardness  Survey 

Weld 

H.A.Z. 

Base 

A  vs  it  £150  R30N 

43.3 

56.25 

41.7 

Spectroqraphic  Deposit  Analysis 

C  MN 

P 

S_ 

SI 

NI 

CR 

<.108  1.21 

.016 

.012 

.352 

2.16 

.380 

MO  V 

CO 

W 

TI 

CU 

AL 

.240  .016 

.021 

.018 

<.016 

<.027  <.016 

Note:  Actual  test  data  and  explanation  of  test  procedures  are  contained  in 

appendix- 


Code  (JY8A-C ) 


Electrode  A1  l.oy_..  Rods  100S-1 


Flux  Oerliknon 

OP  121  tt  (G) 

Physical 

Test  Summary 

Tensile  Test 

No 

Yield  PSI 

Ult .  Tensile 

%Elonq  Fracture 

Location 

Transverse  Weld 

1 

8  6  ,  0  0  9 

96,330 

8 

C.L.  Weld 

Transverse  Weld 

2 

80, 156 

95, 179 

8 

C.L.  Weld 

All  Weld  (.505) 

88,383 

108,585 

26 

Weld 

Base  Plate  (.505) 

82,564 

93,589 

21 

Base 

180°  Bend  Tests 

No  . 

Result 

Trans.  Side  Bend 

1 

Fractured 

along  Fusion 

Line 

Trans.  Side  Bend 

2 

Fractured 

along  Fusion 

Line 

Trans.  Side  Bend 

3 

Fractured 

along  Fusion 

Line 

Trans.  Side  Bend 

4 

Fractured 

along  Fusion  Line 

Charpv  Impact  Tests 

Weld 

H.A.Z. 

Base 

Averaqe  at  -6f  °F 

(Ft 

.Lbs)  17.6 

118.3 

145.0 

Hardness  Survey 

Weld 

H.A.Z . 

Base 

Average  R30N 

35.5 

58.0 

42.2 

Spectroqraphic  Deposit 

Analysis 

C  MN 

P 

S 

SI 

NI 

CR 

<.108  .964 

.015 

.019 

.105 

>2.22 

.213 

MO  V 

CO 

W 

TI 

CU 

AL 

.379  .016 

.021 

.021 

<.016 

.029 

<.016 

Note:  Actual  test  data  and  explanation  of  test  procedures  are  contained  in 

appendix . 


Code 


j-H”.  a  an  hht  ) 


Electrode — a;n  ny  Rods  1QQS-] _ 

Flux  Oerlikon  0Pl21tt(G) 


Physical  Test  Summary 


Tensile 

Test 

NO. 

Yield  PSI 

Ult.  Tensile 

%Elonq 

Fracture  L< 

r.T_  1  JJ 

rvexu 

- 

C.L.  Weld 

xi.au^  v ciic 

X 

ou , 3^3 

9b , x  /U 

'a 

Transverse 

Weld 

2 

79 , 0*16 

94,779 

9 

C.L.  Weld 

All  Weld  ( 

.505) 

85,678 

106,281 

27 

Weld 

Base  Plate 

(.505) 

84,079 

95,024 

19 

Base 

180°  Bend  Tests 

No. 

Result 

Trans.  Side  Bend 

1 

Fractured 

at  Center  of 

Weld 

Trans.  Side  Bend 

2 

Fractured 

along  Fusion 

Line 

• 

Trans.  Siae  Bend 

3 

Fractured 

at  Center  of 

Weld 

Trans.  Side  Bend 

4 

Fractured 

at  Center  and  F.L. 

Charpy  Impact  Tests 

Weld 

H.A.Z. 

Base 

Averaqe  at  -60  °F  (Ft 

.Lbs)  15^6 

50.3 

150.0 

Hardness  Survey 

Weld 

H.A.Z. 

Base 

Average  R30N 

38.5 

56.25 

39.0 

Spectrographic  Deposit 

Analysis 

C  MN 

I? 

£ 

SI 

NI 

CR 

<.108  .910 

.014 

.019 

.106 

>2.22 

.253 

MO  V 

CO 

W 

TI 

CU 

AL 

.379  .015 

.022 

.017 

<.016 

.031 

<.016 

Note:  Actual  test  data  and  explanation  of  test  procedures  are  contained  in 
appendix. 


(HY  8  AC-1) 


Code 


Electrode _ Alloy  Rods  100S-1 


Flux _ Qerlikon  OP  121tt(,G,) _ 

Physical  Test  Summary 


Tensile 

Test 

No. 

Yield  PSI 

Ult.  Tensile 

%Elong 

Fracture  Location 

Transverse 

Weld 

1 

92/602 

111,030 

19.6 

C.L.  Weld 

Transverse 

Weld 

2 

91,428 

110,950 

23.4 

Base 

All  Weld  ( 

.505) 

93,216 

97,740 

8.1 

Weld 

Base  Plate 

( .505) 

86,432 

104,010 

27.9 

Base 

180°  Bend  Tests 

No. 

Result 

Trans.  Side  Bend 

1 

Passed 

- 

Trans,  side  Bend 

2 

Passed 

Trans,  side  Bend 

3 

Passed 

Trans,  side  Bend 

4 

Passed 

Weld 

H.A.Z. 

Base 

Averaqe  at  -6n  °F 

(Ft. Lbs) 

55:6 

64.3 

143.3 

Hardness  Survey 

Weld 

H.A.Z. 

Base 

Average  R30N 

—  t>  1  .  , 

45.7 

56.5 

40.0 

Spectrographic  Deposit  Analysis 

£  MN 

<.108  1.65 

P. 

.013 

£ 

.011 

SI 

.270 

NI 

>2.22 

CR 

.491 

MO  V 

.432  .013 

CO 

<.015 

W 

<.008 

TI 

<.016 

CU 

.029 

AL 

.016 

Note:  Actual  test  data  and  explanation  of  test  procedures  are  contained  in 
appendix. 


81 


Code 

(HY  8 

AC  HHI 

Electrode 

AlloY 

Rods 

100S-1 

Flux 

_ Perl i kon  , 

3P 12 1  tt (G) 

Physical 

Test  summary 

Tensile 

Test 

No 

yield  PSI 

Ult.  Tensile 

%E  long 

Fracture  Location 

Transverse 

Weld 

1 

85, 075 

107, 970 

23,4 

C.L. 

Weld 

Transverse 

Weld 

2 

84, 661 

108,570 

20.3 

C-L. 

Weld 

All  Weld  ( . 

505) 

83, 100 

110,330 

25.0 

Weld 

Base  Plate 

( . 505) 

89, 800 

108, 160 

28.0 

Base 

180°  Bend 

Tests 

No. 

Result 

- - 

Trans.  Side 

Bend 

1 

Passed 

Trans.  side 

Bend 

2 

passed 

Trans.  Side  Bend 
Trans.  Side  Bend 


Passed 

Passed 


Charpy  impact  Tests 
Average  at  -60°  °F  (Ft.  Lbs) 


Weld 

32.6 


H. A. z . 

141.0 


Base 

85.3 


Hardness  Survey 
Average  R30N 


Weld  H. A. z  . 

41-5  55 


Base 

40.5 


Spectrographic  Deposit 

Analysis 

C 

<.108 

MN 

1.26 

P 

.019 

S 

.012 

SI 

.250 

N I 

>2.22 

CR 

.397 

MO 

V 

CO 

W 

TI 

CU 

AL 

.355 

.014 

<.015 

.010 

<.016 

.040 

<.016 

Note:  Actual  test  data  and  explanation  of  test  procedures  are 

appendix.  contained  in 


code (HY  0  CS) 


Electrode  Linde  i?n _ 

Flux _ Linde  7  0  9-5 _ 

Physical  Test  Summary 


Tensile 

Test 

No . 

Yield  PSI 

Ult .  Tensile 

%Elonq 

Fracture  Location 

Transverse 

Weld 

1 

103, 954 

123, 587 

21 

Base 

Transverse 

Weld 

2 

102,435 

118, 194 

NA* 

C.L.  Weld 

*Retest 

3 

104,225 

123, 802 

17 

Base 

All  Weld  ( 

.505) 

111, 940 

123,383 

22 

Weld 

Base  Plate 

( .505) 

1 

105, 000 

126,000 

18.5 

Base 

180° 

Bend 

Tests 

No. 

Result 

Trans . 

Side 

Bend 

1 

Passed 

Trans  . 

Side 

Bend 

2 

Passed 

Trans  . 

Side 

Bend 

3 

Passed 

Trans . 

Side 

Bend 

4 

Passed 

Charpy  Impact  Tests  Weld  H . A. Z .  Base 

Average  at  -60  °F  (Ft. Lbs)  38*  123.3  129 

*Linde  has  developed  a  new  flux  (651-VF)  to  meet  Charpy  impact  requirements  of  45  ft.  lbs. 
@  -60°F  to  have  it  included  on  the  U.S.  Navy  Quality  Products  List  (QPL)  . _ 

Hardness  Survey  Weld  H . A. Z .  Base 

Average  R30N  48.72  57.75  45.8 


Spactrographic  Deposit  Analysis 


C 

MN 

P 

S 

SI 

NI 

CR 

<.108 

1.16 

.020 

.012 

.431 

>2.22 

.599 

MO 

V 

CO 

W 

TI 

CU 

AL 

.440 

.007 

.063 

.019 

<.016 

.033 

<.016 

Note:  Actual  test  data  and  explanation  of  test  procedures  are  contained  in 

appendix . 


(HY-QFC) 


Code 

Electrode  McKay  Sneed  Alloy  11fi-g 

Flux _ T.indP  80 _ _ 


Physical  Test  Summary 


Tensile  Test 

No. 

Yield  PSI 

Ult.  Tensile 

%Elong 

Fracture 

Location 

Transverse  Weld 

1 

103 , 879 

125.431 

19 

Base 

Transverse  Weld 

2 

106 , 388 

123,611 

19 

Base 

All  Weld  (.505) 

113,451 

124,365 

24 

Weld 

Base  Plate  (.505) 

124,875 

135,074 

18 

Base 

180°  Bend  Tests 

No. 

Result 

Trans.  Side  Bend 

1 

Passed 

Trans  .  Side  Bend 

2 

Fractured 

at  Corner  N/A  -  Retest* 

Trans  .  Side  Bend 

3 

Passed 

Trans  .  Side  Bend 

4 

Fractured 

-  L.O.F. 

in  Root  - 

Retest* 

*4  Sidebends  Retested 

-  All  Passed 

Charpy  Impact  Tests 

Weld 

H.A.Z. 

Base 

Average  at  -fin  °F 

(Ft.  Lbs)  24“.  6 

121.6 

129. 

6 

Hardness  Survey 

Weld 

H.A.Z. 

Base 

Average  R30N 

52.5 

56.0 

46. 

3 

Spectrographic  Deposit  Analysis 

C  MN 

P 

£ 

SI 

NI 

CR 

<.108  >1.65 

.023 

.020 

409 

>2.22 

.363 

MO  V 

CO 

W 

TI 

CU 

AL 

.441  .022 

.024 

.019  < 

.016 

.042 

<-016 

Note:  Actual  test  data  and  explanation  of  test  procedures  are  contained  in 
appendix. 


84 


(HY  0  AC) 


Code 

Electrode  Alloy  Rods  Mil~120S— 1 
Flux _ Qprllkon  0P1 21  t-.r(G_) - 


Physical  Test  Summary 


Tensile  Test 

No.  Yield  PSI 

Ult.  Tensile 

%Elong 

Fracture 

Location 

Transverse  Weld 

1  102,702 

123,198 

21 

Base 

Transverse  Weld 

2  110,011 

122,022 

23 

Base 

All  Weld  (.505) 

109,547 

122,864 

22 

Weld 

Base  Plate  (.505) 

105,500 

124,000 

21 

Base 

180°  Bend  Tests 

No. 

Result 

Trans.  Side  Bend 

1 

Passed 

Trans  .  side  Bend 

2 

Fractured 

along  Fusion  Line 

Trans  •  Side  Bend 

3 

Fractured  along  Fusion  Line 

Trans  *  Side  Bend 

4 

Passed 

Charoy  Impact  Tests 

Weld 

H.A.Z. 

Base 

Averaae  at  -so  °F 

(Ft. Lbs)  37.0 

106.0 

137. 

6 

Hardness  Survey 

Weld 

H.A.Z. 

Base 

Average  R30N 

47.0 

54.0 

45.8 

Soectrographic  Deposit  Analysis 

C  MN 

P 

S 

SI 

NI 

CR 

<.108  >1.65 

.021 

.013 

261 

>2.22 

.567 

MO  V 

CO 

W 

TI 

CU 

AL 

.434  .016 

.028 

.032 

<.016 

.034 

.019 

Note:  Actual  test  data  and  explanation  of  test  procedures  are  contained  in 
appendix. 


Code  (HY  0  AC-1) 


Electrode  Alloy  Rods  120S-1 
Flux _ Oerlikon  OP  121tt(G) 


Physical  Test  Summary 


Tensile  Test  No. 

Yield  PSI 

Ult.  Tensile 

%Elonq 

Fracture  Location 

Transverse  Weld  1 

102,974 

123,650 

19.9 

C.L.  Weld 

Transverse  Weld  2 

104 ,166 

122,930 

20.9 

C.L.  Weld 

Ail  Weld  (.505) 

105,223 

122,840 

21,5 

Weld 

Base  Plate  (.505) 

114,141 

124,050 

22.0 

Base 

180°  Bend  Tests 

No. 

Result 

Trans .  Side  Bend 

1 

Passed 

Trans .  side  Bend 

2 

Passed 

Trans .  Side  Bend 

3 

T>-» 

Trans,  side  Bend 

4 

Passed 

CharDV  Impact  Tests 

Weld 

H.A.Z. 

Base 

Averaqe  at  -60  °F  (Ft. 

Lbs)  55 

57.6 

130.6 

(Ft. lbs) 

Hardness  Survey 

Weld 

H.A.Z. 

Base 

Average  R30N 

47.5 

53.0 

43.0 

Spectrographic  Deposit  Analysis 


C 

MN 

P. 

_S 

SI 

NT 

CR 

<.108 

>1.65 

.013 

.011 

.270 

>2.22 

.491 

MO 

V 

CO 

W 

TI 

CU 

AL 

432 

.013 

<.015 

<.008 

<.016 

.029 

.016 

Note: 

Actual  test  data 

and  explanation 

of  test 

procedures  are 

contained  in 

appendix. 


SECTION  13 


EVALUATION  OF  TEST  RESULTS 

*  See  Footnote 


*FOOTNOTE 

Due  to  the  late  arrival  of  the  "AC"  reformulated  electrode 
and  project  schedule  restraints,  an  equal  number  of  photo¬ 
micrographs  were  not  produced  for  test  samples  HY-8-AC-1, 
HY-8-AC-HHI-1  and  HY-O-AC-1.  A  limited  number  of  photomicro¬ 
graphs  were  produced  and  evaluated  in  the  Anderson  Laboratories 
Reports  on  the  above  weld  test  samples . 
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July  31,  1985 


Bay  Shipbuilding  Corp.  B023 
605  North  3rd  Ave . 

Sturgeon  Bay,  WI  54235-2324 
Attn:  Mr.  Bruce  Halverson 

Dear  Mr.  Halverson: 

we  have  completed  our  evaluation  of  the  weld  samples 
identified  as  EH6CS  and  EH6FC  submitted  to  us  on  your  Job 
#3205-204.  The  objective  of  this  investigation  was  to 
compare  the  inclusion  level  in  the  weld  filler  material,  the 
heat  affected  zone  (HAZ)  and  the  level  of  segregation  in  the 
weld  filler  material  of  the  two  samples. 

A  metallographic  examination  was  conducted  on  two  transverse 
sections  (with  respect  to  the  length  of  the  weld  seam)  of 
approximately  one  square  centimeter  in  area  removed  from 
each  of  the  samples.  One  section  contained  filler  metal, 

HAZ  and  base  material  from  an  area  near  the  middle  of  the 
plate.  The  other  section  contained  only  filler  metal. 

An  inclusion  rating  was  then  conducted  on  the  sections  of 
weld  filler  metal.  The  inclusion  rating  per  ASTM  E45  method 
A  (worst  field  reported)  was  limited  to  the  D  category 
(globular  oxides)  of  inclusion-because  of  the  morphology  of 
the  inclusions  found  in  the  welds.  The  inclusion  rating  for 
sample  EH6CS  was  D1  heavy  and  D4  thin  (see  Photograph  #1) 
and  the  inclusion  rating  for  sample  EH6FC  was  DO  heavy  and 
D2  thin  (see  photograph  +2) . 

An  examination  of  the  etched  sections  of  both  samples 
revealed  that  the  filler  metal  of  the  HY6CS  sample  (see 
photograph  #3)  exhibited  less  severe  segregation  than  the 
filler  metal  of  the  EH6FC  sample  (see  photograph  #4)  .  The 
HAZ  of  the  welds  were  then  examined  and  no  significant 
metallurgical  defects  were  found.  The  width  of  the  HAZ  of 
the  welds  was  then  estimated  by  taking  ten  readings  along 
lines  normal  to  the  tangent  of  the  base  metal/filler  metal 
interface.  The  results  of  these  measurements  are  as 
follows : 


Sample  EH6CS- 

.06,  .06,  .06,  .05,  .06,  .05,  .06,  .06,  .06,  .06  in. 

Average:  .06  in. 


90 


Sample  EH6FC- 

.06,  .05,  .06,  .06,  .06,  .06,  .06,  .05,  .05,  .06  in. 

Average:  .06  in. 

CONCLUSION: 

Neither  of  the  samples  exhibited  any  significant 
metallurgical  defects  in  the  HAZ's.  Sample  EH6CS  had  a 
higher  level  of  inclusions  than  sample  EH6FC.  However, 
sample  EH6CS  exhibited  less  severe  segregation  in  the  weld 
filler  metal  than  sample  EH6FC .  The  width  of  the  HAZ 1 s  of 
both  samples  were  found  to  be  similar. 


Very  truly  yours , 


Ralph  B.  Meyer,  Manager 


RBM/trs 

M5-562 
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July  31,  1985 


Bay  Shipbuilding  Corp.  B023 
605  North  3rd  Ave . 

Sturgeon  Bay,  WI  54235-2324 
Attn:  Mr.  Bruce  Halverson 

Dear  Mr.  Halverson: 

We  have  completed  our  evaluation  of  the  weld  samples 
identified  as  SSLCS  and  SSLFC  submitted  to  us  on  your  Job 
#3205-204.  The  objective  of  this  report  is  to  compare  the 
inclusion  level  in  the  weld  filler  material,  the  heat 
affected  zone  (HAZ)  and  the  level  of  segregation  in  the  weld 
filler  material  of  the  two  samples. 

A  metallographic  examination  was  conducted  on  two  transverse 
sections  (with  respect  to  the  length  of  the  weld  seam) , 
approximately  one  square  centimeter  in  area,  removed  from 
each  of  the  samples.  One  section  contained  filler  metal, 

HAZ  and  base  material  from  an  area  near  the  middle  of  the 
plate.  The  other  section  contained  only  filler  metal. 

An  inclusion  rating  was  then  conducted  on  the  sections  of 
weld  filler  metal.  The  inclusion  rating  per  ASTM  E45  method 
A  (worst  field  reported)  was  limited  to  the  D  category 
(globular  oxides)  of  inclusion  because  of  the  morphology  of 
the  inclusions  found  in  the  welds.  The  inclusion  rating  for 
sample  SSLCS  was  D2  heavy  and  D4  thin  (see  photograph  #1) 
and  the  inclusion  rating  for  sample  SSLFC  was  DO  heavy  and 
D1  thin  (see  photograph  #2) . 

An  examination  of  the  etched  sections  of  both  samples 
revealed  that  the  filler  metal  of  the  SSLCS  sample  (see 
photograph  #3)  exhibited  large  islands  of  segregated 
material  while  smaller  islands  of  segregated  material  were 
observed  in  the  filler  metal  of  the  SSLFC  sample  (see 
photograph  #4)  .  The  HAZ  of  the  welds  were  then  examined  and 
no  significant  metallurgical  defects  were  found.  The  width 
of  the  HAZ  of  the  welds  was  then  estimated  by  taking  ten 
readings  along  lines  normal  to  the  tangent  of  the  base 
metal/filler  metal  interface.  The  results  of  these 
measurements  are  as  follows: 

SSLCS  sample- 

.011,  .012,  .014,  .024,  .026,  .019,  .015,  .009, 

.015,  .014  in.  Average:  .016  in. 


SSLFC  sample- 

.006,  .011,  .014,  .005,  .012,  .008,  .007,  .015, 
.005,  .006  in.  Average:  .009  in. 


CONCLUSION: 


Neither  of  the  two  samples  exhibited  any  significant 
metallurgical  defects  in  the  heat  affected  zones.  Sample 
SSLCS  exhibited  a  significantly  higher  level  of  inclusions 
than  sample  SSLFC  and  also  exhibited  larger  islands  of 
segregation  in  the  filler  material.  The  width  of  the  HAZ  of 
sample  SSLCS  was  considerably  greater  than  that  found  in 
sample  SSLFC. 


Very  truly  yours , 


ANDERSON  LABORATORIES,  INC. 


RBM/trs 

M5-562 


July  30,  1985 


Bay  Shipbuilding  Corp.  B023 
605  North  3rd  Ave . 

Sturgeon  Bay,  WI  54235-2324 
Attn  Mr.  Bruce  Halverson 

Dear  Mr.  Halverson: 

We  have  completed  our  evaluation  of  the  weld  samples 
identified  as  HY8CS,  HY8AC1,  HY8MC,  HY8AC,  HY8FC,  HY8HHI1 
and  HY8ACHHI  recently  submitted  to  us  (Reference  Job 
#3205-204) .  The  objective  of  this  investigation  was  to 
compare  the  inclusion  level  in  the  weld  filler  material,  the 
heat  affected  zone  (HAZ)  and  the  level  of  segregation  in  the 
weld  filler  material  of  the  samples. 

A  metallographic  examination  was  conducted  on  two  transverse 
sections  (with  respect  to  the  length  of  the  weld  seam)  of 
approximately  one  square  centimeter  in  area  removed  from 
each  of  the  samples.  One  section  contained  filler  metal, 

HAZ  and  base  material  from  an  area  near  the  middle  of  the 
plate.  The  other  section  contained  only  filler  metal. 

An  inclusion  rating  was  then  conducted  on  the  sections  of 
weld  filler  metal.  The  inclusion  rating  per  ASTM  E45  method 
A  (worst  field  reported)  was  limited  to  the  D  category 
(globular  oxides)  of  inclusion  because  of  the  morphology  of 
the  inclusions  found  in  the  welds.  All  samples  except  HY8AC 
and  HY8ACHHI  exhibited  levels  of  inclusions  lower  than  or 
equal  to  1  (see  photographs  #1,  #2,  #3,  #6  and  #7) .  The 
samples  which  exhibited  low  levels  of  inclusions  did  exhibit 
relatively  uniformly  distributed  small  inclusions  which  were 
resolvable  at  magnifications  of  400  diameters  or  greater. 

Samples  HY8AC1,  hy8mc,  HY8Fc  and  hy8hhI1  exhibited 
marginally  lower  concentrations  of  small  inclusions  than 
sample  HY8CS.  The  inclusion  rating  of  sample  HY8AC  was  D2 
heavy  and  D2  thin  (see  photograph  #4)  .  The  HY8AC  sample 
also  contained  one  large  inclusion  which  was  probably  slag 
(see  photograph  #5)  .  The  inclusion  rating  of  sample 
hy8achhI  was  D2  heavy  and  D3  thin  (see  photograph  #8) . 


An  examination  of  the  etched  sections  revealed  that  the 
segregation  in  the  filler  metals  of  samples  hy8ac,  hy8hhI1 
and  HY8ACHHI  was  less  severe  than  that  found  in  sample  HY8CS 
(see  photographs  #9,  # 10 ,  #11  and  #12) .  Samples  HY8AC1, 
HY8BK2  and  HY8FC  exhibited  segregation  in  the  weld  filler 
metal  which  was  similar  to  that  found  in  sample  HY8CS.  ^he 
HAZ  of  the  welds  were  then  examined  and  no  significant 
metallurgical  defects  were  found.  The  width  of  the  HAZ  of 
the  welds  was  then  estimated  by  taking  ten  readings  along 
lines  normal  to  the  tangent  of  the  base  metal/filler  metal 
interface.  The  results  of  these  measurements  are  as 
fOUOws : 


Sample  HY8CS- 

.09,  .09,  .10, 


Sample  HY8AC1- 

.12,  .10,  .09, 


Sample  HY8MC- 

.13,  .12,  .12, 


Sample  HY8AC- 

.08,  .07,  .07, 


Sample  HY8FC- 

.08,  .08,  .07, 


Sample  HY8HHI1- 

.16,  .12,  .12, 


Sample  HY8ACHHI- 

.08,  .09,  .10, 


09,  .08,  .07,  .06, 
Average:  .09  in. 


09,  .08,  .08,  .07, 
Average:  .08  in. 


10,  .10,  .08,  .07, 
Average:  .09  in. 


.07,  .07,  .10,  .11, 

Average:  .09  in. 


08,  .07,  .06,  .06, 
Average:  .07  in. 


13,  .13,  .14,  .15, 

Average:  .14  in. 


10,  .09,  .08,  .09, 

Average:  .09  in. 


.08,  .09,  .10  in . 


.07,  .06,  .06  in . 


•  06,  .06,  .05  in . 


.11,  .12,  .12  in. 


.  06,  ,  .  09,  .08  in. 


.15,  .14,  .13  in. 


.08,  .09,  .11  in. 


SUMMARY  :  The  following  table  is  a  comparison  of  the 
inclusion  level,  segregation  and  width  of  HAZ'S  of  samples 
HY8AC!  HY*MC,  HY*AC,  HY*FC,  HY*HHI1  and  HY8ACHHI  to  sample 
H  Y  8  C  S  . 


Sample  ID 

Inclusion 

level 

Segregation 
of  weld 

Width 
of  HAZ 

HY8CS 

.09  in 

HY8AC1 

Marginally 

cleaner 

Egual 

.08  in 

HY8MC 

Marginally 

cleaner 

Egual 

.09  in 

HY8AC 

Dirtier 

Less 

.09  in- 

HY8FC 

Marginally 

cleaner 

Egual 

.07  in 

HY8HHI1 

Marginally 

cleaner 

Less 

.  14  in 

HY8ACHHI 

Dirtier 

Less 

.09  in 

Conclusion : 


None  of  the  samples  exhibited  any  significant  metallurgical 
defects  in  the  HAZ .  Samples  HY8AC  and  HY8ACHHI  exhibited 
inclusion  levels  which  were  greater  than  sample  HY8CS  while 
the  remainder  of  the  samples  exhibited  inclusion  levels 
which  were  marginally  lower  than  that  found  in  sample  HY8CS. 
The  severity  of  the  segregation  found  in  the  filler  material 
of  samples  HY8AC,  HY8HHI1  an  HY8ACHHI  was  less  than  the 
segregation  found  in  sample  HY8CS  and  the  remainder  of  the 
samples  exhibited  segregation  similar  to  that  found  in 
sample  HY8CS.  The  widths  of  the  HAZ'S  of  samples  HY8ACL  and 
HY8FC  were  smaller  than  sample  HY8CS  while  the  the  width  of 
the  HAZ  of  sample  HY8HHI1  was  larger.  The  other  samples  had 
widths  similar  to  sample  HY8CS. 


Very  truly  yours, 


ANDERSON  LABORATORIES,  INC 


Manager 


RBM/trs 
M5-5  62 
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July  31 ,  1985 


Bay  Shipbuilding  Corp.  B023 
605  North  3rd  Ave . 

Sturgeon  Bay,  WI  54235-2324 
Attn:  Mr.  Bruce  Halverson 

Dear  Mr.  Halverson: 

We  have  completed  our  evaluation  of  the  weld  samples 
identified  as  HYOCS,  HYOAC,  HYOAC1,  and  HYOFC  submitted  to 
us  on  your  Job  #3205-204.  The  objective  of  this 
investigation  was  to  compare  the  inclusion  level  in  the  weld 
filler  material,  the  heat  affected  zone  (HAZ)  and  the  level 
of  segregation  in  the  weld  filler  material  of  the  samples. 

A  metallographic  examination  was  conducted  on  two  transverse 
sections  (with  respect  to  the  length  of  the  weld  seam) 
approximately  one  square  centimeter  in  area  removed  from 
each  of  the  samples.  One  section  contained  filler  metal, 

HAZ  and  base  material  from  an  area  near  the  middle  of  the 
plate.  The  other  section  contained  only  filler  metal. 

An  inclusion  rating  was  then  conducted  on  the  sections  of 
weld  filler  metal.  The  inclusion  rating  per  ASTM  E45  method 
A  was  limited  to  the  D  category  (globular  oxides)  of 
inclusions  because  of  the  morphology  of  the  inclusions  found 
in  the  samples.  All  of  the  samples  exhibited  an  inclusion 
level  less  than  or  equal  to  1.  All  of  the  samples  exhibited 
relatively  uniform  concentrations  of  small  inclusions  which 
were  resolvable  at  a  magnification  of  400  diameters  or 
greater  (see  photographs  #1,  #2,  #3  and  #4)  .  Samples  HYOAC 
and  HYOAC1  exhibited  a  lower  concentration  of  small 
inclusions  than  sample  HYOCS  while  sample  HYOFC  exhibited  a 
similar  concentration  of  small  inclusions  when  compared  to 
sample  HYOCS. 

An  examination  of  the  etched  sections  of  the  samples 
revealed  that  the  degree  of  segregation  in  the  weld  filler 
metal  of  all  of  the  samples  was  similar.  The  HAZ'S  of  the 
welds  were  then  examined  and  no  significant  metallurgical 
defects  were  found.  The  width  of  the  HAZ'S  of  the  welds  was 
then  estimated  by  taking  ten  readings  along  lines  normal  to 
the  tangent  of  the  base  metal/filler  metal  interface.  The 
results  of  these  measurements  are  as  follows: 

HYOCS  sample- 

.08,  .06,  .07,  .07,  .08,  .07,  .09,  .07,  .07,  .09  in. 

Average:  .08  in. 


m 


HYOAC  sample- 


.10,  .10, 

.10, 

.07,  .06, 

Average : 

.06,  . 

.08 

06, 
in . 

.07, 

.07, 

.08 

in 

HYOAC 1  sample- 

.14,  .15, 

.13, 

.13,  .13, 

Average : 

.12, 

.13 

.13, 

in . 

.13, 

.13, 

.13 

in 

HYOFC  sample- 

.07,  .08, 

.10, 

.11,  .07, 

Average : 

.06, 

.08 

.06, 

in . 

.06, 

.07, 

.08 

in 

CONCLUSION : 

All  of  the  samples  exhibited  low  inclusion  levels  when  rated 
per  ASTM  E45.  However,  samples  HYOAC  and  HY0AC1  exhibited 
marginally  lower  concentrations  of  small  inclusions  than 
sample  HYOCS  while  sample  HYOFC  exhibited  approximately  the 
same  concentration  of  small  inclusions  as  sample  HYOCS.  The 
severity  of  segregation  in  the  weld  filler  metals  present  in 
all  of  the  samples  was  also  found  to  be  similar.  No 
significant  metallurgical  defects  were  found  in  the  HAZ  of 
any  of  the  samples  and  the  width  of  the  HAZ'S  of  all  samples 
except  HY0AC1  were  found  to  be  similar.  The  width  of  the 
HAZ  of  sample  HY0AC1  was  found  to  be  greater  than  sample 
HYOCS. 


Very  truly  yours, 


ANDERSON  LABORATORIES, 


INC. 


Ralph  B.  Meyer,  Manager 

RBM/trs 

M5-562 


CONCLUSIONS 


The  following  is  a  comparison  of  operating  character¬ 
istics  between  solid  electrodes  and  the  new  family  of  flux 
core  -  metal  core  electrodes  designed  for  submerged  arc  welding: 

The  flux  core  type  electrodes  investigated  in  this 
project  demonstrated  several  areas  of  improvement  related  to 
ease  of  operation.  Flux  core  electrode  types  were  easier  to 
cut  to  renew  the  electrode  end  prior  to  starting  a  weld. 

This  was  particularly  true  in  regard  to  the  higher  strength 
electrodes.  The  high  strength  solid  electrodes  are  a  problem 
to  cut  using  bolt  cutters  and  if  proper  care  is  not  used  in 
this  operation,  the  electrode  may  be  dislodged  from  the  contact 
tine  inside  the  submerged  arc  welding  head.  When  the  above 
condition  exists,  an  attempt  to  restart  the  arc  results  in  no 
contact,  thus  no  arc  start:  or  accidental  contact  inside  of  the 
head,  destroying  the  tine.  Destruction  of  the  contact  tine  usually 
results  in  an  erratic  short  arc  initiation  and  the  introduction 
of  foreign  material  from  the  tine  being  introduced  into  the  weld 
puddle,  thus  causing  a  serious  weld  defect.  Failure  of  the  arc 
to  initiate  on  contact  with  the  work  piece  can  also  result  in 
mis-alignment  of  the  electrode  in  relation  to  the  desired  arc 
path,  thus  resulting  in  poor  weld  bead  placement.  This  can  be 
particularly  damaging  to  weld  quality  in  multipass  welds  of  long 
duration . 

Another  improvement  noted  in  using  the  flux  core  electrode 
is  arc  initiation.  Arc  initiation  is  exceptionally  smooth  and 
consistent;  during  the  life  of  this  project  the  flux  core  type 


electrode  far  out-performed  the  solid  electrodes  in  this  respect. 
Formultipass  welds  on  heavy  steel  plate  this  ease  of  starting  is 
extremely  important.  Again  weld  bead  placement,  due  to  the 
nature  of  the  process,  is  obscured  from  the  operator's  view 
until  the  solidified  flux  can  be  removed  from  the  weld  deposit. 

If  the  arc  initiation  is  poor  or  causes  the  welding  head  to  be 
pushed  off  the  joint,  the  operator  will  not  be  able  to  correct 
this  misalignment  until  he  has  deposited  12"  to  18"  inches  of 
weld.  Poor  arc  starting  is  responsible  for  many  submerged  arc 
welding  defects  that  can  be  extremely  costly  to  repair. 

The  flux  core  type  electrodes,  because  of  their  design, 
are  much  easier  to  straighten  prior  to  entry  into  the  weld  pool. 
The  cast  and  helix  of  solid  spooled  sub  arc  electrode  influences 
the  amount  of  pressure  required  to  straighten  the  electrode 
prior  to  welding.  The  cast  and  helix  of  solid  sub  arc  wires 
does  change  significantly  between  the  top  layers  on  a  spool 
and  the  bottom  layers.  This  change,  particularly  on  higher 
strength  solid  electrodes  will  cause  the  electrode  to  change 
the  location  of  the  weld  pool.  This  change  can  be  significant 
in  width  in  relation  to  the  weld  bead  placement.  The  obvious 
advantage  of  the  flux  core  type  electrodes  is  the  relative  ease 
of  straightening  due  to  the  lower  columnar  strength  of  the 
electrode  sheath.  in  this  investigation  we  found  that  repeatable 
control  of  the  electrode  location,  in  maintaining  alignment  on 
straight  multipass  welds,  was  excellent  with  the  flux  core  type 
electrodes . 
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In  regard  to  horizontal  fillet  welding  with  the  flux  core 
electrodes,  our  investigation  showed  better  arc  initiation  and 
a  more  uniform  fillet  bead  shape.  The  fillet  welds  were  produced 
using  a  "Lincoln  Electric  Co."  hand  held  submerged  arc  welding 
package.  The  fillet  weld  cross-sectional  etched  samples  proved  that 
the  solid  sub  arc  electrodes  produce  a  much  deeper  penetration 
at  the  root  of  the  weld  faying  surfaces.  The  flux  core  electrodes 
do  not  have  the  deep  penetrating  capability  of  the  solid 
electrodes;  however  both  types  produce  satisfactory  root  pene¬ 
tration.  The  fillet  weld  break  tests  indicated  that  the  flux 
core  electrodes  produce  fillet  welds  that  exhibit  less  porosity 
in  the  root  of  the  weld  than  the  solid  electrodes.  Producing 
fillet  welds  over  mill  scale  or  primed  plate  (weld  through  primers) 
indicated  that  the  flux  core  electrodes  and  the  solid  electrodes 
will  not  tolerate  excessive  mill  scale  or  uncontrolled  amounts 
of  primer  on  the  faying  surfaces  to  be  joined.  Weld  through 
primers  cannot  exceed  a  combined  thickness  of  over  2  roils  on 
faying  surfaces  without  serious  porosity  developing  in  the  root 
of  the  weld  and  also  porosity  that  is  visible  on  the  surface 
of  the  fillet  welds.  Mill  scale  is  not  as  devastating  to  weld 
guality  in  fillet  welds  as  compared  to  excessive  weld  through 
primer  when  millage  of  the  primer  thickness  is  not  scrupulously 
controlled . 
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MARAD  3205  PROGRAM  -  DEPOSITION/EFFICIENCY  RESULTS 


Plate  Code  Dep/Eff  @  350  Amps  Dep/Eff  @  500  Amps 

A.  B.  S  EH-3  6 


EH-6-CS 

6.02 

lbs .hr/91. 66% 

12.21 

lbs .hr/96 . 73% 

EH-6-FC 

5.54 

lbs. hr/76. 92% 

13.58 

lbs. hr/94. 28% 

316L  STAINLESS 

SS-L-CS 

9.63 

lbs. hr/89. 42% 

— 

SS-L-FC 

12.11 

lbs .hr/100% 

HY-80 

HY-8-CS 

7.60 

lbs .hr/85 . 71% 

13.12 

lbs. hr/97. 10% 

HY-8-FC 

6.85 

lbs .hr/84 . 61% 

14.70 

lbs .hr/95 .34% 

HY-8-MC 

9.37 

lbs. hr/83. 33% 

13.84 

lbs. hr/96. 00% 

HY-8-AC 

9.04 

lbs. hr/93. 75% 

15.95 

lbs .hr/96 . 62% 

*HY-8-AC-l 

6.90 

lbs. hr/92. 30% 

17.08 

lbs .hr/97 . 67% 

HY-100 

HY-O-CS 

7.50 

lbs .hr/92 .30% 

13.15 

lbs. hr/100 % 

HY-O-FC 

7.50 

lbs. hr/92. 30% 

13.27 

lbs. hr/96. 10% 

HY-O-AC 

7.31 

lbs. hr/92. 85% 

16.54 

lbs .hr/97 . 56% 

*HY-0-AC-l 

7.77 

lbs. hr/93. 33% 

19.46 

lbs .hr/97 . 89% 

*  Reformulation 


Bay  Shipbuilding  Corp. 
Sample  SSLCS 
Photograph  #1 


M5-562-1  Magnification:  100  Diameters  Etch:  None 

The  photomicrograph  shows  the  worst  area  of  inclusions  found 
in  the  weld  filler  metal  of  the  sample. 


Bay  Shipbuilding  Corp. 
Sample  SSLFC 
photograph  #2 


M5-562-2  Magnification:  100  Diameters  Etch:  None 

The  photomicrograph  shows  the  worst  area  of  inclusions  found 
in  the  weld  filler  metal  of  the  sample. 


Bay  Shipbi 
Sample  SS! 
Photograp' 


M5-562-2 


The  pho 
weld  fi 


Diameters  Etch:  10%  Oxalic 

electrolytic 

typical  structure  found  in  the 


L  i 


Bay  Shipbuilding  Corp. 
Sample  HYOCS 
Photograph  #1 


i 


c 


n 


U 


LJ 


r 


M5-562-3 


Magnification:  400  Diameters 


The  pbotcmicrogirapb  shows  the  typical  lev< 
inclusions  found  in  the  sample. 


Etch:  None 
of  small 


Bay  Shipbuilding  Corp. 
Sample  HYOAC 
Photograph  #2 


i 


l 


r 

L 

r 


L 


j 

r  M5-562-4  Magnification:  400  Diameters  Etch:  None 

! 

The  photomicrograph  shows  the  typical  level  of  small 
inclusions  found  in  the  sample. 


i 


Bay  Shipbuilding  Corp. 
Sample  HY0AC1 
Photograph  #3 


M5-562-5 


Magnification:  400  Diameters 


Etch :  None 


The  photomicrograph  shows  the  typical  level  of  small 
inclusions  found  in  the  sample. 


Bay  Shipbuilding  Corp. 
Sample  HYOFC 
Photograph  #4 


M5-562-6  Magnification:  400  Diameters  Etch:  None 

The  photomicrograph  shows  the  typical  level  of  small 
inclusions  found  in  the  sample. 


Bay  Shipbuilding  Inc. 
Sample  HY8CS 
Photograph  #9 


M5-562-7  Magnification:  10  Diameters 


Etch:  2%  Nital 


The  photomicrograph  shows  the  typical  severity  of 
segregation  found  in  the  weld  filler  metal  of  the  sample. 


Bay  Shipbuilding  Inc 
Sample  HY8CS 
Photograph  #1 


M5-562-7  Magnification:  400  Diameters  Etch:  None 

The  photomicrograph  shows  the  typical  level  of  inclusions 
found  in  the  sample. 


M5-562-8 


Magnification:  400  Diameters  Etch:  None 


The  photomicrograph  shows  the  typical  level  of  inclusions 
found  in  the  sample. 
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Bay  Shipbuilding  Inc. 
Sample  HY8MC 
Photograph  #3 


M5-562-9  Magnification:  400  Diameters  Etch:  None 

The  photomicrograph  shows  the  topical  level  ’.of  inclusions 
found  in  the  sample. 


n,  ^ 
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Bay  Shipbuilding  Inc 
Sample  HY8AC 
Photograph  #5 


Li 
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B 

0 

rr~> 

(j 


D 
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r ' 


!  I 


M5-S62-10  Magnification:  100  Diameters  Etch:  None 

The  photomicrograph  shows  the  large  inclusion  found  in  the 
sample.  The>  inclusion  was  .021  in.  long  and  .008  in.  wide. 


Bay  Shipbuilding  Inc. 
Sample  HY8AC 
Photograph  #4 


M5-562-10  Magnification:  100  Diameters  Etch:  None 

The  photomicrograph  shows  the  worst  field  of  inclusions 
found  in  the  sample. 


Bay  Shipbuilding  Inc. 
Sample  HY8AC 
Photograph  #10 


M5-562-10  Magnification:  10  Diameters  Etch:  2%  Nital 

The  photomicrograph  shows  the  typical  severity  of 
segregation  found  in  the  weld  filler  metal  of  the  sample. 


Bay  Shipbuilding  Inc. 
Sample  HY8FC 
Photograph  #6 


M5-562-11  Magnification:  400  Diameters  Etch:  None 

The  photomicrograph  shows  the  typical  level  of  inclusions 
found  in  the  sample. 


Bay  Shipbuilding  Inc. 
Sample  HY8HHI1 
Photograph  #7 


MS-562-12  Magnification:  400  Diameters  Etch: 


None 


The  photomicrograph  shows  the  typical  level  of  inclusions 
found  in  the  sample. 


Bay  Shipbuilding  Inc. 
Sample  HY8HHI1 
Photograph  #11 


M5-562-12  Magnification:  10  Diameters  Etch:  2%  Nital 

The  photomicrograph  shows  the  typical  severity  of 
segregation  found  in  the  weld  filler  metal  of  the  sample. 


Bay  Shipbuilding  Inc . 
Sample  HY8ACHHI 
Photograph  #8 


M5-562-13  Magnification:  100  Diameters  Etch:  None 

The  photomicrograph  shows  the  worst  field  of  inclusions 
found  in  the  sample. 


Bay  Shipbuilding  Inc. 
Sample  HY8ACHHI 
Photograph  #12 


M5-562-13  Magnification:  10  Diameters  Etch:  2%  Nital 

The  photomicrograph  shows  the  typical  severity  of 
segregation  found  in  the  weld  filler  metal  of  the  sample. 


Bay  Shipbuilding  Corp. 
Sample  EH6CS 
Photograph  #1 


M5-562-14  Magnification:  100  Diameters  Etch:  None 

The  photomicrograph  shows  the  worst  field  of  inclusions 
found  in  the  sample. 


M5-562-15  Magnification:  10  Diameters  Etch:  2%  Nital 

The  photomicrograph  shows  the  typical  severity  of  the 
segregation  found  in  the  filler  metal  of  the  sample. 


Bay  Shipbuilding  Corp. 
Sample  EH6FC 
Photograph  #2 


M5-562-15  Magnification:  100  Diameters  Etch:  None 

The  photomicrograph  shows  the  worst  field  of  inclusions 
found  in  the  sample. 


BASE  METAL  H.A.Z.  -  FINE  GRAIN 


BASE  METAL  AWAY  FROM  H.A.Z. 


HY-8-FC 


BASE  METAL  H.A.Z.  -  FINE  GRAIN 


BASE  METAL  AWAY  FROM  H.A.Z. 


HY-8-MC 


WELD  METAL  -  LARGE  GRAIN  STRUCTURE 


WELD  METAL  -  FINE  GRAIN  STRUCTURE 


HY-8-CS 


WELD  METAL  -  LARGE  GRAIN  STRUCTURE 


WELD  METAL  -  FINE  GRAIN  STRUCTURE 


WELD  METAL  AT  FUSION  LINE 


BASE  METAL  H.A.Z.  -  LARGE  GRAIN 


BASE  METAL  H.A.Z.  -  FINE  GRAIN 


BASE  METAL  AWAY  FROM  H.A.Z. 


HY-O-FC 


BASE  METAL  H.A.2. 


BASE  METAL  AWAY  FROM  H.A.2. 


SS-L-CS 


BASE  METAL  H.A.Z.  BASE  METAL  AWAY  FROM  H.A.Z. 


SS-L-FC 


WELD  METAL  AT  FUSION  LINE 


BASE  METAL  H.A.Z.  -  LARGE  GRAIN 


BASE  METAL  H.A.Z.  -  FINE  GRAIN  BASE  METAL  AWAY  FROM  H.A.Z. 


HY-O-CS 


SECTION  14 


SUMMARY 


SUMMARY 


The  most  significant  result  in  regard  to  the  data  gathered 
in  this  project  was  an  improvement  in  the  weld  metal  charpy 
impact  results  using  fabricated  electrodes  on  HY-80  and  HY-100 
steel  test  samples  as  opposed  to  the  solid  electrode  Charpy 
impact  values.  It  should  be-noted  that  the  solid  electrode 
manufacturer  (Linde)  has  developed  a  new  flux  (651  VF)  to 
meet  the  new  U.S.N. -Q.P.L.  reguirement  for  higher  impact  strength 
on  HY  type  steel. 

Another  significant  result-noted  when  comparing  solid 
vs.  flux  core  type  electrodes  is  the  improved  deposition  rates 
of  the  flux  core  electrodes  as  measured  at  the  same  amperage 
and  voltage.  In  the  lower  amperage  range,  used  for  root  passes 
against  the  backing  bar  (350  amps),  the  overall  average  of 
the  deposition  improvement  was  3.5%  of  all  samples  tested. 

At  the  manufacturer's  recommended  welding  amperage  (500  amps), 
the  average  improvement  in  deposition  rates  was  19%  of  all 
samples  tested.  We  feel  that  this  is  a  significant  improvement 
that  demonstrates  an  economic  advantage  in  favor  of  the  flux 
core  type  electrodes. 

Electrode  cost  comparison  for  the  high  strength  type 
electrodes  is  also  a  very  significant  factor  that  impacts 
operating  costs.  Flux  core  -  metal  core  fabricated  electrodes 
for  HY-80  and  HY-100  submerged  arc  welding  applications  are 
as  much  as  50%  lower  in  price/lb.  than  the  solid  electrodes 
designed  for  the  same  applications.  In  some  cases,  fabricated 


138 


electrodes  are  designed  for  gas  shielded  flux  core  welding 
as  well  as  submerged  arc  welding  applications.  This  latter 

item  is,  in  itself,  important  by  allowing  a  manufacturer  to 
reduce  electrode  inventories. 

in  conclusion,  „e  feel  that  this  investigation  has  pro¬ 
duced  conclusive  data  that  fabricated  electrodes  have  several 
advantages  in  operating  characteristics  that  improve  weld 
quality  and  at  the  same  time,  reduce  costs.  There  is  one 
area,  however,  that  must  be  addressed  in  this  final  conclusion 
A  pornt  to  consider  is  the  difference  in  the  penetrating  ca¬ 
pabilities  of  the  two  electrode  types,  if  a  weld  joint  design 
regurres  a  deep  penetrating  arc,  the  solid  electrode  has  a 
definite  advantage  over  the  fabricated  electrodes.  The  type 
Of  joint  design  that  requires  a  deep  penetrating  arc  is  a 
square  butt  joint,  without  edge  preparation,  welded  from  two 
sides.  For  this  type  weld  joint  design  we  recommend  the  solid 
electrodes  be  used.  For  all  other  submerged  arc  welding, 

we  recommend  strong  consideration  be  given  to  the  use  of  fab- 
ricated  electrodes. 


SECTION  15 
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12TH  Edition  -  Procedure  Handbook  of  Arc  Welding, 
Lincoln  Electric  Company 


SECTION  16 


APPENDIX  A  -  TENSILE  TEST  FORMS 


Wock  No.  £H . (o..CS 

Test  Samples  prepared  by: 
Contractor 
NWTI 


X 


NORTHEAST  WISCONSIN  TECHNICAL  INSTITUTE 
Trades  and  Industry  Division 
2740  West  Mason  Street,  Green  Bay,  WI  54303 


TENSILE  TEST  WORKSHEET 


White-Company 

Yellow-NWTI 

Pink-Performer 


DIAMETER 

OR 

THICKNESS 

WIDTH 

ULTIMATE 

LOAD 


YIELD  TENSILE  GAGE  prnHr  % 

STRENGTH  STRENGTH  LENGTH  EL0NG-  ELONG. 


Work  No.  EH  k  FC 

Test  Samples  prepared  by: 

Contractor _ 

NWTI  X _ 


NORTHEAST  WISCONSIN  TECHNICAL  INSTITUTE 
Trades  and  Industry  Division 
2740  West  Mason  Street,  Green  Bay,  WI  54303 


TEHSTT.rc  TEST  WnnKEHPF/P 


White-Company 

Yellow-NWTI 

Pink-Performer 


ITEM 


DIAMETER 

OR 

WIDTH 

CSA 

YIELD 

ULTIMATE 

YIELD 

TENSILE 

GAGE 

ELONG. 

% 

HARDNESS 

THICKNESS 

LOAD 

LOAD 

STRENGTH 

STRENGTH 

LENGTH 

ELONG. 

Work  No.  bb  L  CS 

Test  Samples  prepared  by: 

Contractor _ 

NWTI 


NORTHEAST  WISCONSIN  TECHNICAL  INSTITUTE 
Trades  and  Industry  Division 
2740  West  Mason  Street,  Green  Bay,  WI  54303 


TENSILE  TEST  WORKSHEET 


Wh it e-Company 
Yellow-NWTI 

Pink-Performer 


DIAMETER 
I  OR 
THICKNESS 


ULTIMATE 

LOAD 


YIELD  TENSILE 

STRENGTH  STRENGTH 


GAGE 

LENGTH 


.232. 

SlS 

.51*5 

ELONG. 

ELONG. 

Test  Per  formed^ by 
Witnessed  by: 


Test  Samples  prepared  by: 

Contractor _ 

NWTI  X 


NORTHEAST  WISCONSIN  TECHNICAL  INSTITUTE 
Trades  and  Industry  Division 
2740  West  Mason  Street,  Green  Bay,  WX  54303 


TENSILE  TEST  WORKSHEET 


White-Company 

Yellow-NWTI 

Pink-Performer 


DIAMETER 

I  0R 

THICKNESS 


YIELD 

LOAD 

ULTIMATE 

LOAD 

YIELD 

STRENGTH 

TENSILE 

STRENGTH 

GAGE 

LENGTH 

<To,  OS'# 

89,343 

III,  710 

x* 

V7,sop 

91,324 

113,013 

%  HARDNESS 
ELONG. 


Hi  S' HC 

Test  Samples  prepared  by: 
Contractor _ 

X - 


Work  No. 


NWTI 


NORTHEAST  WISCONSIN  TECHNICAL  INSTITUTE 
Trades  and  Industry  Division 
2740  West  Mason  Street,  Green  Bay,  WI  54303 


TENSILE  TEST  WORKSHEET 


White -Company 
Vellow-NWTI 

Pink-Per former 
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NORTHEAST  WISCONSIN  TECHNICAL  INSTITUTE 
Trades  and  Industry  Division 
2740  West  Mason  Street,  Green  Bay,  WI  54303 


TENSILE  TEST  WORKSHEET 


White-Company 

Yellow-NWTI 

Pink-Performer 


Test  Samples  prepared  by: 
Contractor 


NORTHEAST  WISCONSIN  TECHNICAL  INSTITUTE 
Trades  and  industry  Division 
2740  West  Mason  Street,  Green  Bay,  WI  54303 


White-Company 

Yellow-NWTI 

Pink-Performer 


TENSILE  TEST  WORKSHEET 


DIAMETER 

OR 

THICKNESS 


-878 


.875 


ULTIMATE 

LOAD 


YIELD  TENSILE 

STRENGTH  STRENGTH 


GAGE 

LENGTH 


-W 


.5/0 


I  J7sr0o  -VSooO 


3S  IS  O  /?S»-9so  VO.IiTi,  <IC.  <79 


Work  No. 

Test  Samples  prepared  by: 

Contractor _ 

NWTI  K _ 


NORTHEAST  WISCONSIN  TECHNICAL  INSTITUTE 
Trades  and  Industry  Division 
2740  West  Mason  Street,  Green  Bay,  WI  54303 


TENSILE  TEST  WORKSHEET 


White-Company 

Yellow-NWTI 

Pink-Performer 


DIAMETER 

ITEM 

OR 

THICKNESS 

WIDTH 

CSA 

YIELD 

LOAD 

ULTIMATE 

LOAD 

YIELD 

STRENGTH 

TENSILE 

STRENGTH 

GAGE 

LENGTH 

ELONG. 

% 

ELONG. 

HARDNESS 

fly-S-'AC-l 

Work  No.  _ 

Test  Samples  prepared  by: 

Contractor _ 

NWTI  Y 


NORTHEAST  WISCONSIN  TECHNICAL  INSTITUTE 
Trades  and  Industry  Division 
2740  West  Mason  Street,  Green  Bay,  WI  54303 


TENSILE  TEST  WORKSHEET 


White-Company 

Yellow-NWTI 

Pink-Performer 


DIAMETER 

OR 

THICKNESS 


WIDTH 


.3  72 


ULTIMATE 

LOAD 


YIELD  TENSILE  GAGE  Et0mg  %  HARDNESS 

STRENGTH  STRENGTH  LENGTH  EL°N  *  ELONG. 


r-M  2- 


£o£Ju 

Pa 


Z^ciz  o 


— 

— 

Test  Performed  by: 
Witnessed  by 


/l P**/  ?^oST 

Work  No.  _ 

Test  Samples  prepared  by: 

Contractor _ 

NWTI  _ y' 


NORTHEAST  WISCONSIN  TECHNICAL  INSTITUTE 
Trades  and  Industry  Division 
2740  West  Mason  Street,  Green  Bay,  WI  54303 


TENSILE  TEST  WORKSHEET 


White-Company 

Yellow-NWTI 

Pink-Performer 


H 

(_n 

OJ 


Test  Performed  by: 


Witnessed  by:  ♦  v 


ITEM 

DIAMETER 

OR 

THICKNESS 

WIDTH 

CSA 

YIELD 

LOAD 

ULTIMATE 

LOAD 

YIELD 

STRENGTH 

TENSILE 

STRENGTH 

GAGE 

LENGTH 

ELONG. 

% 

ELONG . 

HARDNESS 

■fit! 

<?7a 

21,170 

HOj&o 

'3S'(6  7^" 

lol  9 70 

2- 

■hrti 

1  T~r  iU. 

/>S  S'' 

*  7  u  z> 

9  “7  -7 
*■-?// 

n  /  «■>/-» 

/ 

36,  §60 

ri  .  i  i  /  1 

/op'  <r?o 

n 

c— 

rWL 

zo.} 

1 

/ 

jvyivM 

.705' 

— 

r  2-00  3 

l  b?  i  (p  2  0 

.l'7; /Go 

33. /OO 

U  o,  33$ 

2- 

,S~vo 

Zf,0 

— 

- - 

Jroj-p^ 

SsC 

/V,GSTO 

y,  7-td 

^1,^0 

to?./ 6, 6 

2- 

■7(6 

29} 

1 

- 

X7 

■V*.. 


Date:  / <^ /  99^  <T~ 

Date:  <-/£-%< 
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Work  No.  HY-O  r.S 

Test  Samples  prepared  by: 

Contractor _ 

NWTI  "X 


NORTHEAST  WISCONSIN  TECHNICAL  INSTITUTE 
Trades  and  Industry  Division 
2740  West  Mason  Street,  Green  Bay,  WI  54303 


TENSILE  TEST  WORKSHEET 


White-Company 

Yellow-NWTI 

Pink-Performer 


DIAMETER 

OR 

THICKNESS 


i  1<r»  >*.  1  “*>  /  y-i  .  A 

‘-ivs  .3b1  3  k>,HOU 


ULTIMATE 

LOAD 

,  /  *?  ~7  <~rs 
y  u  u 


TENSILE 

STRENGTH 

GAGE 

LENGTH 

ELONG. 

% 

ELONG. 

HARDNESS 

12.3,5*7 

'll' 

-Hii 

z.\ 

1  /8,19  V 

71* 

177 

V  > 

,1 

mi* 

.ZO\  in  77 

.Zoo  AfooV  3S.HQO  1  og.ooo  \?_t>.OOQ  2  VO  )%  s 


Test  Performed  by:  sZ' 

Witnessed  hv/«  ~~^y. . .  —xL  v 


_j _ 

/-»  i  /o.  i 


w°.rk  n°-  H-Y- ..  o  cs 

Test  Samples  prepared  by: 

Contractor _ 

NWTI  X _ 


NORTHEAST  WISCONSIN  TECHNICAL  INSTITUTE 
Trades  and  Industry  Division 
2740  West  Mason  Street,  Green  Bay,  WI  54303 


TENSILE  TEST  WORKSHEET 


White-Company 

Yellow-NWTI 

Pink-Performer 


DIAMETER 

ITEM 

OR 

THICKNESS 

WIDTH 

CSA 

YIELD 

LOAD 

ULTIMATE 

LOAD 

YIELD 

STRENGTH 

TENSILE 

STRENGTH 

GAGE 

LENGTH 

ELONG. 

%  i 

ELONG. 

1  HARDNESS 

Work  NO.  Hr  0  HC 
Test  Samples  prepared  by: 

Contractor _ 

NWTI  Y 


NORTHEAST  WISCONSIN  TECHNICAL  INSTITUTE 
Trades  and  Industry  Division 
2740  West  Mason  Street,  Green  Bay,  WI  54303 


TENSILE  TEST  WORKSHEET 


White-Company 

Yellow-NWTI 

Pink-Performer 


DIAMETER 
I  OR 
THICKNESS 


ULTIMATE 

LOAD 


YIELD  TENSILE  GAGE  ELONG  %  HARDNESS 

STRENGTH  STRENGTH  LENGTH  N  *  ELOflG. 


32-oS 

Test  Samples  prepared  by: 
Contractor 
NWTI 


Ai  d 

Work  No. 


NORTHEAST  WISCONSIN  TECHNICAL  INSTITUTE 
Trades  and  Industry  Division 
2740  West  Mason  Street,  Green  Bay,  WI  54303 


TENSILE  TEST  WORKSHEET 


White-Company 

Yellow-NWTI 

Pink-Performer 


ITEM 

DIAMETER 

OR 

THICKNESS 

WIDTH 

CSA 

YIELD 

LOAD 

ULTIMATE 

LOAD 

YIELD 

STRENGTH 

TENSILE 

STRENGTH 

GAGE 

LENGTH 

ELONG. 

% 

ELONG. 

HARDNESS 

Tit-1 

WrfitM 

,17/, 

WSm. 

v„3<ro 

V?  2 ro 

I0ZA  74 

WBBiti 1 

X 

IE9 

Warn. 

T-frz* 

<ion 
*  /  '/  / 

•  '  /  LS 

USHj 

z  /.  i  <  n 

O*?/  « - 

y 

U  1  9f)n 

'  -  u - 

//W(  1  (#  (p 

/XX  Gin 

X 

Ufa 

‘2tj  .9 

- - - 

/ 

| 

(jjc(d 

.  jTo? 

— 

.T-olf 

Zl,  /«To 

xV  9vd 

105,2  <3 

H-i.Wo 

X 

fell 

gtas 

/ 

^Tt)b  (Pt^h 

•  S'*  3 

— 

./«f7 

Z~Z  ,L?0O  !  2^AJZ> 

1 

J24  03-0 

z 

.HP! 

.22.,? 

- P - 

\ 

■ 

hkm 

s 

| 

B 

■ 

- 

_ 

mm 

mm 

Test  Performed 


Date: 


A-  (JJLi. 


APPENDIX  B  -  CHARPY  TEST  FORMS 


Kn 


APPENDIX  B  -  Charpy  Tests 


Note : 

Equipment  used  to  notch  the  specimens  was  a  Blacks 
Equipment  Limited  notch  cutter,  Type  CNB-14  - 
Serial  NO.  82643B. 

The  chiller  was  manufactured  by  F.T.S.,  Multi-Cool, 

Stone  Ridge,  NY  12484. 

Temperature  verification  was  obtained  with  an  Omega  450  AKT, 
Thermocouple  Thermometer  Type  K,  Serial  NO.  456853  - 
Calibration  Date:  April  1,  1984. 


ARMY  MATERIALS  AND  MECHANICS  RESEARCH  CENTER 
Watertown,  Massachusetts  02172 

Date  of  Test:  2  November  1984 


TABLE 

COMPARISON  TESTS  ON  CHARPY  IMPACT  MACHINES 

Northeast  Wisconsin  Technical  Institute 
Marinette,  WI  54143 

Facil  ity _ _ 

Make'  of  Machine  Tinius  Olsen  Serial  No.  135330 


AMMRC 

|  Variation 

(ft- lb) 

(ft -lb) 

Actual 

Allowed 

High  Energy 

68 

69.8 

2.6  % 

+5.0% 

Low  Energy 

11.3 

10.8 

-.5  ft- lb 

+1.0  ft- lb 

XMR  Form  105 
Rev  1  Apr  81 
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IMPACT  MATERIAL  TEST  FORM 


TESTING  AGENT:  U.W.T.I. _ 

DATE:  Fov.  9.  y1Q84 _ 

TESTED  FOR:  Bay  Shipbuilding:  Corn. 

MATERIAL  TYPE:  RIT  _ 

SPECIMEN  ID#:  •p/fr  a  pg _ 

TESTING  TEMPERATURE:'  ^  Zlq°  y_ 

MEDIUM:  Methanol  Anhydrous  CHSQH 
TYPE  OF  NOTCH:  Charpy  V  Notch _ 


WISCONSIN  STATE  WEED 
TESTING  LAB  #3 
1601  University  Drive 
Marinette,  WI  54143 


TESTING  MACHINE  MODEL  #:  74  Univ.  Tinius  Olsen 
SERIAL  NUMBER:  1  SSSBO _ 


SPECIMEN  ID#  FT. -LB.  ENERGY 


All  Weld  1 

■HHHIi 

2 

8  L 

X 

A  c 

IL 

O  _  C  _ , 

S 

i  <=; 

H.A.Z.  6 

IS 

7 

"10  L 

8 

I^.S 

Q 

IIP  h 

-10  ! 

77 

Base  11  1 

168 

12 

178  H 

IS 

6Q 

izt 

66  L 

IS 

77 

AVERAGE  SPECIMENS  1  TO 


"12.1  ?•*;.  Ibs. 


>7\/^T-ri  rTirvrnxCTLTC  /\  r\ 

nvx^r\f-ujij  o  j.'-'  i  ■  > 


AVERAGE  SPECIMENS  J_ ±  TO 
AVERAGE  SPECIMENS  TO 


-7-7  O  TP-U  TU  « 
X’‘.» 


"IQ*  ?t.  Ibs. 


TESTING  AGENT  SI< 


IMPACT  MATERIAL  TEST  FORM 


TESTING  AGENT:  IT.V.T.I. 

rN7vrTTni  -  1VT _ _  ^  a  a  . 

JLNOV  +  M  ^  _ 

NESTED  FOR:  Bay  ShiDbui-ldine:  Cnri). 

MATERIAL  TYPE:  grr  zg; _ 

SPECIMEN  ID#:  ^ 

TESTING  TEMPERATURE:  -'li.cS0 
MEDIUM:  Methanol  Anhydrous  CH80K 
TYPE  OF  NOTCH:  Charny  V  Notch _ 


WISCONSIN  STATE  WELD 
TESTING  LAB  #3 
1601  University  Drive 
Marinette,  WI  54143 


TESTING  MACHINE  MODEL  #:  74  Univ.  Tinius  Olsen 
SERIAL  NUMBER:  d 85680 _ 


SPECIMEN  ID# _  FT. -LB.  ENERGY 


All  weld  1 

mmmammm 

2 

78 

62 

4 

76 

5 

77  H 

H. A . Z .  6 

d54  H 

7 

dPO 

8 

84 

Q 

dd5 

10 

5*  L 

Base  dd 

’*  d82 

_ 12_ 

d5 

dd6 

d4 

d  87  H 

dS 

AVERAGE 

AVERAGE 

AVERAGE 

AVERAGE 


SPECIMENS  _d_  TO 
SPECIMENS  _6_  TO 
SPECIMENS  _dd_  TO 
SPECIMENS  TO 


c; 

7*  Ft.  lhr=. 

dO 

106. 3  Ft.  Ibs. 

d  6 

dP6.~  Ft.  Lbs. 

TESTING  AGENT  SIGNATURE/ 

DATE:  /  7/ 

^ 


/ 


r 


IMPACT  MATERIAL  TEST  FORM 


TESTING  AGENT:  U.V.T.I. 

DATE:  Nov.  9  ,  1  Qgii- _ 

TEjS'-Ieu  FOR:  Bay  Shipbuilding:  Corn. 
MATERIAL  TYPE:  try  *1  no 
SPECIMEN  ID#:  try  q 
TESTING  TEMPERATURE!^ 

MEDIUM^  Methanol  Anhydrous  CH^OH 
TYPE  OF  NOTCH:  Oharpy  V  Notch _ 


WISCONSIN  STATE  WELD 
TESTING  LAB  #3 
1601  University  Drive 
Marinette,  WI  54143 


TESTING  MACHINE  MODEL  #:  74  TJniv.  Tinius  Olsen 
SERIAL  NUMBER:  _ 


SPECIMEN  ID#  FT. -IB.  ENERGY 


All  Weld  1 

■*o 

2 

•2S5 

q 

T. 

Zl 

ZLZi.  V 

_Li _ 5— 

Z<7 

E.A.Z.  8 

7 

IP*. 

8 

Q 

1P6 

"10 

Base  11 

-i  zr) 

IP 

IPO 

1 

1P7  T, 

"14 

1P8 

_ is_ 

-1  7.1  ‘  tJ 

AVERAGE 

AVERAGE 

AVERAGE 

AVERAGE 


SPECIMENS  _j_  TO _ c_ 

SPECIMENS  TO  iq 


*3  EL*  Lbs. 


n2ZLu2  23l»  IMi 


SPECIMENS  H  TO  ^q 
SPECIMENS 


IPQ  ?t.  Lbs 


IMPACT  MATERIAL  TEST  FORM 


TESTING  AGENT:  N.W.T.I. _ 

DATE:  Nov.  Q.  1Q84 _ 

FOR:  3av  Shipbuilding  Corn. 
MATERIAL  TYPE:  HjT  100 

SPECIMEN  ID#:  HY  0  AC _ - 

TESTING  TEMPERATURE:  -  60^  F. _ 


MrmTTTM.  a  ,,  nzj-znrjr 

nc  vuciiux  imu;v  ui'uua  uii'juii 


TYPE  OF  NOTCH:  CharPV  ¥  Notch 


WISCONSIN  STATE  WELD 
TESTING  LAB  #3 
1601  University  Drive 
Marinette,  WI  54143 


TESTING  MACHINE  MCDEL  #:  7 4  Univ.  Tinius  Olsen 
SERIAL  NUMBER:  1^5^Q _ 


SPECIMEN  ID#  _  _ FT. -LB.  ENERGY 


All  Weld  1 

S*  it 

2 

■*Zi. 

n 

4 

42 

s 

55  . 

H.  A .  Z .  6 

56  L 

7 

118 

8 

144  H 

Q 

82 

10  . 

118 

Base  11 

150  H 

1? 

1 5Q 

is 

140 

14 

1  *4 

IS 

■■■■■ 

AVERAGE 

AVE3<AGE 

AVERAGE 

AVERAGE 


SPECIMENS  1  TO  5 


*7  Ft.  Lbs. 


SPECIMENS  b  TO  IQ 
SPECIMENS  11_  TO  IS 
SPECIMENS 


106  Ft.  Lbs. 


1*7.6  Ft.  Lbs. 


IMPACT  MATERIAL  TEST  FORM 


TESTING  AGENT:  N.V.T.I. 

DATE:  Nov,  q,  1Q84- _ 

TESTCD  FOR:  Bay  Shipbuilding  Coro, 

MATERIAL  TYPE:  vrr  ^qq _ 

SPECIMEN  ID#:  t tv  p  T?p 
TESTING  TEMPERATURE:  1  Vp°  t?_ 

MEDIUM:  Methanol  Anhydrous  CH^OH 
TYPE  OF  NOTCH:  Charoy  V  Notch 


WISCONSIN  STATE  WELD 
TESTING  LAB  #3 
1601  University  Drive 
Marinette,  WI  54143 


TESTING  MACHINE  MODEL  #:  74-  IJniv.  Tinius  Olsen 
SERIAL  NUMBER:  _ 


IMPACT  MATERIAL  TEST  FORM 


TESTING  AGENT:  N.V.T.I. 

DATE:  Nov,  Q,  1984- _ 

TESTED  FOR:  Bay  Shipbuilding  Coro, 

MATERIAL  TYPE:  try  pr)  _ 

SPECIMEN  ID#:  pry  «  _ 

TESTING  TEMPERATURE:  _  pnu  v  _ 

MEDIUM:  Methanol  Anhydrous  CH^OH 
TYPE  OF  NOTCH:  Gharry  V  Notch _ 


WISCONSIN  STATE  WELD 
TESTING  LAB  #3 
1601  University  Drive 
Marinette,  WI  54143 


TESTING  MACHINE  MCDEL  #:  7 4  TJniv.  Tinius  Olsen 
SERIAL  NUMBER:  ^85550 _ 


SPECIMEN  ID#  FT. -LB.  ENERGY 


All  Weld  1 

41  H 

2 

h-0 

8 

T 

4.., 

_ -  ~zk. 

-  - .  5 

*7 

H.A.Z.  6 

198  H 

7 

121  L 

8 

1  pa. 

Q 

197 

10 

1-8 

Base  11 

IZlO 

12 

1-8 

1  8 

•IZlZL  H 

ft 

'  1  <**/  L  1 

y\  c 

t  / 

i  y 

AVERAGE 

AVERAGE 

AVERAGE 

AVERAGE 


SPECIMENS  __1_  TO  _  S 
SPECIMENS  6 


87  Ft.  Lbs. 


SPECIMENS 


TO 


10 

125.6 

Ft.  Lbs. 

18 

1  *8.  8 

Ft.  Lbs. 

TESTING  AGENT  SI 


7/  /a  /syu> 


DATE: 


IMPACT  MATERIAL  TEST  FORM 


TESTING  AGENT:  IT.W.T.I. _ 

Mav  3,  1QR5~ _ 

TESTED  FOR:  3ay  Ship  build  inf?  Com. 

MATERIAL  TYPE:  HY  8  0 _ 

SPECIMEN  ID#:  HY8  AC-1 

TESTING  TEMPERATURE:  -60F _ 

MEDIUM:  Methanol  Anhydrous  CH^QE 
TYPE  OF  NOTCH:  Charrry  V  Notch _ 


WISCONSIN  STATE  WELD 
TESTING  LAB  #3 
1601  University  Drive 
Marinette,  WI  54143 


TESTING  MACHINE  MODEL  #: 
SERIAL  NUMBER: 


Univ.  Tinius  Olsen 


AVERAGE  SPECIMENS 

1 

TO 

5 

55.6 

Ft. 

lbs . 

AVERAGE  SPECIMENS 

6 

TO 

10 

64.3 

Ft. 

lbs. 

AVERAGE  SPECIMENS 

11 

TO 

15 

143.3 

Ft. 

lbs. 

AVERAGE  SPECIMENS 

TO 

TESTING  AGENT  SIGNATURE: 

DATE: 


IMPACT  MATERIAL  TEST  FORM 


TESTING  AGENT:  N.W.T.I. _ 

DATE:  Nov.  Q .  lQg4 _ 

TESTED  FOR:  3av  Shipbuilding  Corn. 

MATHTOTTVT  nn/nr.  T-rr  ~ 

a.  *  n  XXrija  j- 

SPECIMEN  ID#:  yv  p  ;\q  TTTTT _ 

TESTING  TEMPERATURE:  2  £n° 

MEDIUM:  Methanol  Anhydrous  CH8QK 
TYPE  OF  NOTCH:  Charpy  V  Notch _ 


WISCONSIN  STATE  WELD 
TESTING  LAB  #3 
1601  University  Drive 
Marinette ,  WI  54143 


TESTING  MACHINE  MODEL  #:  74  Univ.  Tinius  Olsen 

r*TTTkT**T  wnmnw  -  ^ 


SPECIMEN  ID#  FT. -LB.  ENERGY 


All  Weld  1 

lO  TJ 

2 

18 

TT 

1  s 

Zl 

s\  n 

s 

IP.  S  L 

H.A.Z.  6 

47 

7 

47 

8 

8*  L 

Q 

88  H 

10 

S7 

Base  11 

^  /-% 

'i  "><: 

^  n 

_ _ _ _ '  C. 

1 88  L 

18 

166  H 

14 

146 

IS 

ISP 

AVERAGE 

AVERAGE 

AVERAGE 

AVERAGE 


SPECIMENS  i  TO 


SPECIMENS  5  TO  10 


SPECIMENS 


TO 


•iq  a,  7? 


■,hc 


10 

SO. 8  Ft 

.  Lbs. 

IS 

ISO  Ft. 

Lbs. 

TESTING  AGENT  SI 


date/' 


Wm7w 


IMPACT  MATERIAL  TEST  FORM 


TESTING  AGENT: 
DATF!? 

— - -  i*iav 


NVW.T.I. 


TESTED  FOR:  Bay  Shipbuilding:  Corn. 

MATERIAL  TYPE:  HY8  0 _ 

SPECIMEN  ID#:  HY8  HHI-l  ~T 

TESTING  TEMPERATURE:  -60P _ 


ljrrTTATTTIlX  _  TJT _ I_1 _ _  3  A _ 1 _ 3 _ _  HTT-tott 

1'jiLUJ.un;  rie  bliailO-L  iilliiyaX’Q  US  WriOVjrL 

TYPE  OF  NOTCH:  Charpy  V  Notch 


WISCONSIN  STATE  WELD 
TESTING  LAE  #3 
1601  University  Drive 
Marinette,  WI  54143 


TESTING  MACHINE  MODEL  #:  74  Univ.  Tinius  Olsen 
SERIAL  NUMBER:  1SSSS0 _ 


CTDvrntTP’M  mJi  tpt>  _t"r  TTNnrDrrv 

Wi.  m  «L^7T  ^ 


All  Weld  1 

30 

2 

28  L 

r 

37  H 

lL 

35 

S 

33 

TT  C7  S~ 

ZLmJ: ±  m  Li  .  r> 

TOO 

J-  J  O 

7 

136  L 

p 

147  H 

o 

145 

10 

140 

Base  11 

73  L 

1? 

A  A 

n 

1 R 

77 

14 

94 

IS 

85 

AVERAGE  SPECIMENS  1  TO  5  32/6  Ft.  lbs. 


AVERAGE 

SPECIMENS 

6 

TO 

10 

141.0  Ft. 

lbs . 

AVERAGE 

SPECIMENS 

11 

TO 

15 

85.3  Ft. 

lbs . 

AVERAGE 

SPECIMENS 

TO 

TESTING  AGENT  SIGNATURE: 

DATE: 


IMPACT  MATERIAL  TEST  FORM 


TESTING  AGENT:  N.V.T.I. 

DATE:  Nov.  Q ,  1Qg4 _ 

tested  FOR:  Bay  Shipbuilding:  Coro, 
MATERIAL  TYPE:  HY  80 

rry^'t  rr\ii  _  -r— r-  ^ 

*DIT£A^±L'1£JX  ±UTf  Z  ril  **  AU _ 

TESTING  TEMPERATURE:  -  80^  F. _ 

MEDIUM:  Methanol  Anhydrous  CHSOH 
TYPE  OF  NOTCH:  Chappy  V  Notch _ 


WISCONSIN  STATE  WELD 
TESTING  LAB  #3 
1601  University  Drive 
Marinette,  WI  54143 


TESTING  MACHINE  MODEL  #:  74  Uhiv.  Tinius  Olsen 
SERIAL  NUMBER:  dtSSSO _ 


T Trn  _x-n 


All  Weld  1 

2 

'lA 

S 

'IP  L 

4 

18  _ 

. . _  8 

lo 

H.A.Z.  8 

'ins 

7 

'l  ZlO 

8 

oo  L 

r\ 

^ i 

10 

'I  CZL  E 

Base  11 

'l/i.O 

17 

14? 

IS 

14- 

'IZlZl 

IS 

AVERAGE 

AVERAGE 

AVERAGE 

AVERAGE 


SPECIMENS  'I  TO  8 


SPECIMENS 


TO 


10 

118. S  Ft.  Lbs. 

is 

14S  Ft.  Lbs. 

TESTING  AGENT  SIGNATURE 


DA**:  --//  /<?/ 


IMPACT  MATERIAL  TEST  FORM 


TESTING  AGENT:  N.W.T.I. _ 

DATE:  Nov.  Q.  1Qg4 _ 

TESTED  FOR:  Bay  Shipbuilding:  Coro. 

MATERIAL  TYPE:  pp _ 

SPECIMEN  ID#:  ttv  q  ptc _ 

TESTING  TEMPERATURE:  _  £q°  •?. 

MEDIUM:  Methanol  Anhydrous  CH50H 
TYPE  OF  NOTCH:  Chappy  V  Notch _ 


WISCONSIN  STATE  WELD 
TESTING  LAB  #3 
1601  University  Drive 
Marinette,  WI  54143 


TESTING  MACHINE  MODEL  #:  74-  Univ.  Tinius  Olsen 
SERIAL  NUMBER:  1 55550 _ 


SPECIMEN  ID#  FT. -LB.  ENERGY 


All  Weld  1 

2 

ZLO 

7 

SO 

_  .  4 

ZlO 

5 

95 

H.A.Z.  6 

'IZLJS  TT 

7 

'lZL'l 

8 

y1ZLt-' 

Q 

1%  L 

1 

1  so 

Base  'll 

1 51 

12 

154  L 

15 

148 

14 

140 

r- 

'1  ~> 

✓1  CO  IT 

1 

AVERAGE  SPECIMENS  1  TO  5 


54.6  Ft.  lbs 


XTk.v 

CDTTT’TMTTMC 

r 

r“) 

•TV"*  /"\ 

J.VJ  |  U 

>t  /|  y\  f~  TtJ- 

’i*-1-’]  .0  r  U  • 

TU„ 

JjUt  . 

AVERAGE 

SPECIMENS 

11 

TO  15 

14°. 5  ?t. 

Lbs. 

AVERAGE 

SPECIMENS 

TO 

TESTING  AGENT  SIGNATURE'//^^^W^ 

DATE/  //  /jr  'IX’ 


IMPACT  MATERIAL  TEST  FORM 


TESTING  AGENT:  U.W.T.I. 
May  3.  IQfiq 


TESTED  FOR:  3a:v  Shipbuilding:  Cor 


HY  100 


HYP  AC  1 


MATERIAL  TYPE: 

SPECIMEN  ID#: 

TESTING  TEMPERATURE: 

MEDIUM:  Nethanol  Anhydrous  CH50H 
TYPE  OF  NOTCH:  Ch&z?pv  V  Notch 


-60F 


WISCONSIN  STATE  WELD 
TESTING  LAB  #3 
1601  University  Drive 
Marinette,  WI  54143 


TESTING  MACHINE  MODEL  # :  Uni y , _ Tinius  Olsen 

SERIAL  NUMBER:  1  _ _ 


SPECIMEN  ID#  FT. -LB.  ENERGY 


All  We  Id  1 

5  5  .  .... 

2 

50 

60 

lL 

63  H 

S 

48  L 

H.A.Z.  6 

55 

7 

58 

O 

'  o 

a  n 

\j  yj 

o 

77  H 

iO 

54  L 

Base  11 

'  129  L 

IP 

135  H 

1* 

131 

.  1UL 

131 

1* 

130 

AVERAGE 

SPECIMENS 

1 

TO 

5 

55.0 

rt 

• 

lbs. 

AVERAGE 

SPECIMENS 

6 

TO 

10 

57.6 

Ft. 

lbs . 

AVERAGE 

SPECIMENS 

11 

TO 

15 

130.6 

Ft. 

lbs . 

AVERAGE 

SPECIMENS 

TO  _ 

xxSTING  AGjiwx  SIGNATURE: 

DATE: 


APPENDIX  C  -  HARDNESS  TEST  FORMS 


Hardness  Data  Explanation 

I.  Test  Equipment 

The  tester  used  consists  of  a  Wilson  Rockwell  Twin  Testor, 
Model  3TY-a-Rb,  serial  #279.  The  machine  was  serviced  6-28-84 
to  ASTM-E  18  standards. 

II.  Data  Sheet  Explanation 

The  data  sheets  contain  the  following  data: 

Weld  sample  number,  date  of  the  test,  Rockwell  test  block 
data,  machine  test  data,  weld  sample  base  metal  hardness, 
and  a  graph  of  the  hardness  data  vs  position  of  the  test. 

All  hardness  data  was  run  on  the  superficial  scale  R30N. 

This  scale  allows  a  smaller  test  dent  so  readings  could 
be  taken  closer  together. 

111.  Sample  Test  Procedure 

1.  The  weld  test  samples  were  etched  with  appropriate 
etch  solution  to  relieve  the  welded  area  and  the 
base  metal-weld  boundary. 

2.  A  series  of  three  tests  were  run  on  the  test. block  . 

to  determine  the  operational  accuracy  of  the  hardness 
tester . 


3.  To  establish  base  metal  hardness,  hardness  tests 
were  taken  on  the  ends  of  the  sample  away  from  the 
heat  effected  area.  Three  readings  were  taken  and 
averaged. 

4.  A  series  of  about  20  single  tests  were  run  across  the 
weld  to  establish  a  hardness  profile  of  the  welded 
area.  This  series  was  started  about  3/8"  from  the 
weld  boundary  and  ended  about  3/8"  in  the  base  metal 
on  the  opposite  side.  Tests  were  taken  at  about  1/16" 
increments.  Since  the  exact  placements  could  not  be 
accomplished,  the  increment  distances  vary  slightly. 


5.  The  test  dents  were  counted  to  determine  the  division 
line  between  the  base  metal  and  the  weld  pool.  These 
boundaries  are  marked  on  the  hardness  graph. 


1 1  a 


6.  Any  samples  showing  inconsistent  data  were  retested. 


7.  After  all  samples  were  tested,  the  Rockwell  test 
block  was  retested  to  determine  machine  accuracy. 

Iv.  Test  Results  and  Explanation 

The  hardness  value  of  the  standard  test  block  and  the 
"machine  test"  show  good  correlation.  The  hardness  of 

the  test  block  recorded  is  R30N  47. 0±  1.0  and  the  machine 

test  averaged  R30N  46.8.  Tests  run  on  the  test  block  after 
weld  sample  testing  again  show  good  consistency  with  an 
average  of  R30N  46.7. 

The  first  and  last  hardness  tests  on  the  "series"  show 
good  correlation  with  that  of  the  base  metal  average.  In 
all  cases  the  HY  and  EH  steel  samples  show  that  there  are 
hardened  areas  in  the  heat  affected  zones  next  to  the  weld 
pool  .  The  maximum  hardness  in  these  areas  was  probably  not 
determined  in  all  cases.  However,  the  data  does  show  sub¬ 
stantial  increase  over  the  base  metal  hardness. 

The-hardness  of  the  "weld  metals"  of  sample  Hy-8-Ac 
shows  a  value  slightly  lower  than  that  of  the  base  metal. 
Samples  Hy-O-CS,  Hy-O-FC,  Hy-8-FC,  EH-6-FC,  and  EH-6-CS 
show  a  hardness  that  is  slightly  harder  than  the  base 
metal  average.  Weld  samples  Hy-O-AC,  Hy-8-MC,  Hy-8-cs, 
and  Hy-8-AC-HHI  show  a  hardness  about  even  with  that  of 


177 


the  base  metal.  Both  stainless  steel  samples  show  a 
"weld  metal”  that  is  about  10  R30N  points  higher  than  that 
of  the  base  metal. 


Signed:  Quentin  Ruprecht  Date:  November  6,  1984 
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HARDNESS  DATA 


SAMPLE  NUMBER  t?t..6-'F,0 _  DATE  OCTOBER  3 1 1 984 

ROCKWELL  TEST  BLOCK  71RQ5558  B3QN  47.0  -  1.0 


BASE  METAL  HARDNESS  R50N  26.0 ,  25.0,  26.0  =  25.7 


1  23456789  10  1  23456789  20  1  23456789  30 


TEST  NUMBER 

APPROXIMATELY  l/l6”  INCREMENTS 


MARAD  PROJECT  320§  *  • 

HARDNESS  DATA 

SAMPLE  NUMBER  SS-L-CS  _ _  DATE  "OCTOBER  3,1984 


ROCKWELL  TEST  BLOCK  71R05358  R30N  47.0  ±  1.0 


1  23456*789  10  1  23456789  20  1  23456789  30 

TEST  NUMBER 

APPROXIMATELY  l/l6"  INCREMENTS 


180 


MARAD  PROJECT  3205  -  • 

HARDNESS  DATA 


SAMPLE  NUMBER  HY-O-CS  DATE  OCTOBER  3,1984 


1  23456789  10  1  23456789  20  1  23456789  30 

TEST  NUMBER 

APPROXIMATELY  l/l6M  INCREMENTS 


181 


MARAD  PROJECT  3205 
HARDNESS  DATA 


SAMPLE  NUMBER  HY-O-FC  DATE  OCTOBER  3*1984 


1  23456789  10  1  23456789  20  1  23456789  30 

TEST  NUMBER 

APPROXIMATELY  1/1 6"  INCREMENTS 
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i 

MARAD  PROJECT  3205  -  • 

HARDNESS  DATA 


SAMPLE  NUMBER  HY-8-CS _ _  DATE  OCTOBER  3,1984 

ROCKWELL  TEST  BLOCK  71R05558  H30N  47.0  i  1,0 


41.5 

A  Jk  A 

4  I 

41.5 


1  23456789  10  1  23456789  20  1  23456789  30 

TEST  NUMBER 

-  APPROXIMATELY  1/1 6  '*  INCREMENTS 
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MARAD  PROJECT  5205 
HARDNESS  DATA 


SAMPLE  NUMBER  HY-8-FC 


DATE  OCTOBER  5,1984 


ROCKWELL  TEST  BLOCK  71R0535Q  R50N  47.0  *  1.0 
MACHINE  TEST  AVERAGE  46.5,  47.5,  46.5  «  46.8 


TEST 


R50N 


1 

‘41.5 

11 

44.0 

21 

2 

41*5 

12 

/m  n 

-ry  •  ~ 

22 

3 

41.5 

13 

47.5 

23 

4 

51.0 

14 

45.0 

24 

5 

50.0 

15 

48.0 

25 

6 

48.0 

16 

48.0 

26 

7 

47.0 

17 

51.0 

27 

8 

46.O 

18 

54.0 

28 

9 

47.5 

19 

42.0 

29 

10 

44.  o_ 

20 

42.5 

30 

BASE  METAL  HARDNESS _ 

R30N  42.0,  42.0, 

41.5  =  41.8 

42.0 


S3 

o 

K"\ 


O 

o 

fr! 


1  25456789101  25456789  20  1  25456789  50 

TEST  NUMBER 

APPROXIMATELY  1/16"  INCREMENTS 
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MEAD  PROJECT  3205 
HARDNESS  DATA 


SAMPLE  NUMBER  Hy-6-AC-l  _  DATE  My  9,  1985 

ROCKWELL  TEST  BLOCK  71R05358  R30N’47.0  *1.0 


MA CHINE  TEST  AVERAGE 

330N  47. 

1,  46.9,  46.5  = 

46.8 

TEST 

R30N 

1 

*  59.0 

11 

42.0 

21 

55.0 

2 

40.0 

12 

45.0 

22 

50.0 

5 

40.0 

15 

44.0 

23 

40.0 

4 

40.0 

14 

45.0 

24 

40.5 

5 

50.0 

15 

42.5 

25 

40.0 

6 

58.0 

16 

46.0 

26 

40.0 

7 

47.0 

17 

49.0 

27  j 

I 

n 

O 

A  £  r~ 

400 

18 

48.0 

28 

9 

45.0 

19 

49.0 

29 

10 

44.0 

20 

52.0 

50 

BASE  METAL  HARDNESS 

R30II  40.0,  39.0,  41.0 

=  40.0 

60 

55 

50 

0 

to 

45 

0 

40 

W 

Pi 

35 

30 

25 

1  23456789  10  1  23456789  20  1  23456789  30 

TEST  NUMBER 

APPROXIMATELY  l/l6”  INCREMENTS 
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MARAD  PROJECT  3205  *  ' 

HARDNESS  DATA 


SAMPLE  NUMBER  HY-8-AC-HHI _  DATE  OCTOBER  3»1984 

ROCKWELL  TEST  BLOCK  71R05358  R30N  47.0  ±  1.0 
MACHINE  TEST  AVERAGE  46.5,  47.5.  46.5  =  46.8 


TEST  R30N 


1 

•  39.0 

11 

36.0 

21 

2 

39.0 

12 

38.0 

22 

3 

38.0 

13 

37.0 

23 

4 

47.5 

14 

_  40.0 

24 

5 

58.5 

15 

54.0 

25 

6 

38.0 

16 

47.0 

26 

7 

42.5 

17 

40.0 

27 

8 

38.0 

18 

40.5 

28 

9 

39.5 

19 

41.0 

29 

10 

38.0 

20 

39.5 

30 

BASE  METAL  HARDNESS  R50N  59.0,  56.0,  42.0  =  59.0 


TEST  NUMBER 

APPROXIMATELY  l/l6"  INCREMENTS 
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KrtKAD  PROJECT  520? 
HARDNESS  DATA 


CJ  A  MDT  T7I  MTtMT>T7'E> 

UAJ  U  JJIJ  J.'IUJ’UJJUlLI  ‘*.7  — 


ROnKWRT.T.  TTCT  'RT.onJf  717108^88  R80N  47.0  i  1,0 


MACHINE  TEST  AVERAGE  R8QIT  47.1.  46.9.  46.5  =  48.8 


rmrcm 

XUJ  i 

TJ7AM 

XI  JKJlt 

1 

37.5 

11 

40.5 

21 

2 

*58.0 

12 

39.0 

22 

3 

40.0 

13 

40.0 

25 

4 

44.0 

14 

38.5 

24 

5 

52.5 

15 

41.0 

25 

6 

49.0 

16 

45.0 

26 

7 

,-ic;  n 

-i  7 

co  n 

07 

1 

-r  j  *  w 

*  j 

j  1  .'J 

*-  1 

8 

42.0 

.18 

49.0 

28 

9 

42.0 

19 

48.0 

29 

10 

42.5 

20 

41.0 

30 

40.5 

42.0 


60 

55 

CA 

pu 

S 

0 

ro 

.  1 

45 

0 
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40 
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30 
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Tjk>T  NUrmiiW. 

APPROXIMATELY  l/l6"  INCREMENTS 
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MARAD  PROJECT  3205  '  ' 

HARDNESS  DATA 


SAMPLE  NUMBER  HY-8-AC _  DATE  OCTOBER  5,1984 

ROCKWELL  TEST  BLOCK  71R05558  R50N  47.0  ±  1,0 
MACHINE  TEST  AVERAGE  46. 5 ,  47.5,  46.5  a  46,8 


TEST  R30N 


1  2345678910  1  23456789  20  1  23456789  30 

TEST  NUMBER 

APPROXIMATELY  l/l6”  INCREMENTS 
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MEAD  PROJECT  3205  -  * 

HARDNESS  DATA 


SAMPLE  NUMBER  HY-8-MC  _  DATE  OCTOBER  3,1984 


ROCKWELL  TEST  BLOCK  71R05558  R50N  47.0  ±  1,0 


M CHINE  TEST  AVERAGE 

46.5,  47.5,  46.5  =  46.8 

TEST 

R30N 

1 

42.0 

11 

46.0 

21 

2 

42.5 

12 

43.5 

22 

5 

42.5 

15 

45.5 

23 

4 

43.0 

14 

42.0 

24 

5 

42.0 

15 

45.5 

25 

6 

55.5 

16 

59.0 

26 

7 

50.5 

17 

48.0 

27 

8 

42.0 

18 

40.5 

28 

Q 

y 

~r  s  m  -r 

■1  Q 
• 

/II  R 

~T  *  •  J 

OQ 

10 

45.0 

20 

42.0 

50 

BASE  METAL  HARDNESS^ 

R30N  43.0,  41.0,  41.0  = 

41.7 

s 

o 

N"\ 

a 


o 

o 

P3 


60 

55 

50 

45 

40 

55 

50 


25 


1  23456789  10  1  23456789  20  1  23456789  30 


TEST  NUMBER 

APFR0XIMTELY  1/1 6"  INCREMENTS 
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MAHAL  PROJECT  j>20p 
HARDNESS.  LATA 


O  A  MT3T  T7»  MTTKTDTTO  ZJnr  A  AH  1 

kJXWLr  JJU  llUl  JJJiULt  •  iiY  —  '  JL  _ 

73  A  TVT? 

JjrLXLJ 

TV  v  9 « 

ROCKWELL  TEST  BLOCK _ 

71R05358 

R30N  47.0 

± 

1.0 

MACHINE  TEST  AVERAGE 

R*.nn  47. 

1 .  46.  9.  46, 

—  ,1 4 .  « 

mtrcm 

XDJ  X 

13  *2  AM 

1 

45.0 

i  4 

11 

50.0 

21 

47.5 

2 

47.0 

12 

44.0 

22 

44.0 

3 

46.0 

13 

48.0 

23 

46.5 

4 

52.0 

14 

45.5 

24 

5 

51.0 

15  . 

52.0 

25 

6  ' 

50.5 

16 

55*0 

26 

7 

48.0 

17 

53.0 

27  ! 

i 

8 

48.5 

.18 

50.5 

28 

9 

43.0 

19 

44.0 

29 

10 

46.0 

20 

44.0 

30 

BASE  METAL  HARDNESS  43.0,  4I.O,  45.0  =  43.0 


TEST  NUMBER 

APPROXIMATELY  l/l6"  INCREMENTS 
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APPENDIX  D  -  SPECTROGRAPH  I C  FORMS 
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MARAD  PROJECT  3205 


Spectrographic  Data 
Explanation  and  Results 


I.  Spectrographic  apparatus: 


The  spectrometer  used  for  this  data  was  a  Jarrell-Ash 
Atomcomp  Model  750  direct  reading  vacuum  unit.  Tpe  Sparp 
stand  consists  of  an  electronic  controlled  wave  source. 

A  Digital  PDP  8-a  computer  analyzed  the  results.  Argon 
gas  of  99.96%  purity  was  used  in  the  spark  chamber. 


II.  Test  procedure 


1.  The  spark  chamber  was  cleaned  before  testing. 

2.  The  spectrometer  electrical  components  were  warmed  up 
with  at  least  16  burns  prior  to  standardization. 

3.  The  spectrometer  was  standardized  by: 

a.  Setting  the  optical  monitor  to  maximum  peak  value. 

b.  Working  standards  were  burnt  to  standardize  each 
element  in  the  appropriate  matrix. 
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c.  An  analytical  standard  was  burnt  to  determine  the 
accuracy  of  the  standardization. 

4.  Each  sample  was  freshly  ground  before  testing 

5.  Four  burns  were  run  on  each  sample.  The  results  of  each 
burn  were  averaged  by  the  computer.  The  burns  on  the  base 
metal  were  taken  at  each  end  and  on  both  sides  of  the 
sample.  The  burns  of  the  weld  metal  were  taken  in  the 
center  of  the  weld  pool  and  on  both  sides  of  the  sample. 

6.  A  set  of  three  or  four  samples  were  run  consecutively  on 
a  standardization. 

7.  A  final  test  was  run  on  the  same  analytical  standard  to 
verify  the  accuracy  of  the  spectrometer  operation. 

111.  Explanation  of  the  data  sheets. 

This  is  the  explanation  of  the  major  data  lines,  starting 

at  the  top  of  the  data  pages. 

1.  Line  one  contains  the  project  title,  the  sample  name,  and 
the  placement  of  the  burns. 

2.  There  is  a  set  of  two  or  four  burns  listed  with  the  burn 
number,  time,  and  date  of  test.  Next  are  two  "IS"  numbers 
that  represent  the  intensity  of  the  iron  count  and  the 
operation  of  the  electronics.  Also,  listed  is  a  line  of 
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element  symbols  and  the  "intensity  ratio"  value  of  that 
element.  The  symbols  <  or  >  in  front  of  the  element  value 
represents  the  value  as  being  "less  than"  or  "greater  than" 
that  capable  of  being  determined  by  the  matrix.  Ratio 
value  between  the  different  burns  should  not  vary  by  large 
amounts.  However,  small  variation  is  to  be  expected.  The 
"average"  line  represents  the  average  of  the  burn  ratios 
printed  out  in  percent  concentration.  These  percent  con¬ 
centration  numbers  are  then  the  approximate  amount  of  element 
in  the  sample.  Even  though  there  are  four  burns  averaged", 
these  percentages  can  only  represent  a  close  approximation 
of  the  exact  amounts. 

IV.  Observations  of  the  weld  sample  test  data. 

The  following  observations  are  by  sample  sets. 

1.  Samples  Hy-8-CS,  Hy-8-FC,  Hy-8-AC-HHI,  Hy-8-MC,  dated 
9-15-84  and  sample  Hy-8-AC,  dated  9-19-84. 

a.  The  average  percent  values  of  the  NBS  standard  1261, 
before  sample  burning,  show  expected  correlation 
with  the  accepted  percentages. 

b.  The  NBS  analytical  standard  burns  before  and  after  show 
expected  correlation.  Most  elements  obtained  a  difference 

of  only  ±  several  hundredths  of  1%.  Tungsten,  however, 
varies  the  most  and  does  tend  to  drift  on  this  machine. 


c.  The  base  metal  burns  of  all  tested  samples  show  good 
consistency  and  within  expected  variations. 

d.  Carbon  content  of  all  weld  metals  is  less  than  0.108% 
concentration . 

e.  The  weld  materials  tested  show  concentration  values  with 
significant  differences  in  the  elements  of  MN,  SI,  CR, 
and  MO.  The  remaining  elements  tested  show  minor 
percentage  difference. 

2.  Weld  samples  Hy-O-CS,  Hy-O-FC,  and  Hy-O-AC,  dated  9-22-84. 

a.  The  average  percent  values  of  the  NBS  analytical 
standard  1261,  before  sample  testing,  show  expected 
correlation  with  the  accepted  values. 

b.  The  NBS  analytical  standard  burns,  before  and  after, 
show  expected  correlation.  Most  elements  obtained 

a  difference  of  only  ±  several  hundredths  of  1%. 

c.  The  base  metal  burns  of  all  tested  samples  show  good 
consistency  and  within  expected  variations. 

d.  All  weld  metals  tested  show  a  carbon  content  of  less 
than  0.108%  concentration. 

e.  The  weld  metals  tested  show  significant  differences 
in  the  elements  MN,  SI,  CR,  and  minor  differences  in 
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the  remaining  elements . 


3.  Weld  samples  EH-6-CS,  EH-6-FC,  dated  9-19-84. 


a.  The  average  percent  values  of  the  NBS  analytical 

standard  burns,  before  sample  testing,  show  expected  - 
correlation  with  the  accepted  values. 


b.  The  NBS  analytical  standard  burns  before  and  after 
samples  show  expected  correlation.  Most  elements- 

a>Vv4«  -i  >-i  *1  -f-  4-  v*  /-v  ^  1  tt  -1.  «  a  1  J  —  «  Ji.L  ^  a  J C  *1 

ujjuaj-ucu  a.  uj-j-rcicnuc  L-#  jl  j_  ocvciai  iiUHU.iCU.UIlt>  Ui  i 


c.  The  base  metal  burns  of  all  tested  samoles  show  aood 

x.  -  “  ~  — 

consistency  and  within  expected  variances. 


d.  The  carbon  content  of  the  weld  metal  of  sample  EH-6-CS 
has  a  value  less  than  0.108%,  while  sample  EH-6-FS  has 
a  content  slightly  more  than  0.108%. 

e.  The  weld  metals  of  the  two  samples  have  a  significant 
difference  in  elements  of  MN,  SI,  NI,  while  remaining 
elements  show  minor  variances. 


Mo  1  r\ 


c amn 1 oc 


CC-T-PC 


a.  The  MBH  analytical  standard  12851-G  burns,  before 

sample  burning,  show  expected  correlation  with  the 
accepted  values.  The  element  copper  cannot  be  deter- 


mined  by  this  matrix  as  there  is  insufficient  programming 
data . 

b.  The  MBH  analytical  standard  burns  before  and  after 
sample  sample  burning  show  expected  correlation. 

Most  elements  obtained  a  difference  of  only  +  several 
hundredths  of  1%.  Chromium  and  molybdenum  obtained 
difference  in  ±  several  tenths  of  1%. 

c.  The  base  metal  burns  show  good  consistency  between 
the  two  samples. 

d.  The  weld  metals  of  the  two  samples  show  carbon  content 
as  being  less  than  0.039%.  Manganese  in  the  "FC" 

weld  metal  is  somewhat  higher  than  that  of  the  "CS" 
weld  metal.  Silicon,  however,  is  less  in  the  "FC" 
weld  metal.  The  remaining  elements  tested  show 
similar  contents. 

e.  The  weld  metals  and  base  metals  of  the  two  samples 
are  very  similar  in  composition  to  each  other  with 
only  minor  differences  in  the  major-alloying  elements 
of  MN,  CR,  NI,  and  MO. 


Signed:  Quentin  Ruprecht  Date:  November  6,  1984. 
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MARAD  PROJECT  3205 


Spectrographic  Data 

5.  Weld  samples  Hy-8-AC-l,  HY-8-HH-1,  and  Hy-O-AC-1 . 

a.  The  average  percent  values  of  the  NBS  analytical 
standard  burns,  before  sample  testing,  show  expected 
correlation  with  the  accepted  values. 

b.  The  NBS  analytical  standard  burns  before  and  after 
samples  show  expected  correlation.  Most  elements 

obtained  a  difference  of  only  ±  several  hundredths 

of  1%. 

c.  The  base  metal  burns  of  all  tested  samples  show 
good  consistency  and  within  expected  variances. 

d.  The  carbon  content  of  the  weld  sample  for  Hy-O-AC-1, 
Hy-8-HHI-l,  and  Hy-8-AC-l  has  a  value  less  than  0.108% 
and  is  considerably  less  than  the  base  metals. 

e.  The  weld  metal  of  all  samples  has  a  significant 
difference  in  elements  MN,  and  CR,  compared  to  the 
base  metal. 


Signed:  Quentin  Ruprecht  Date:  May  29,  1985. 


i  n  o 


U.S.  Department 4>r  Commerce 
Rogers  C.JB. Morion, 

Secretary 

National  Bureau  of  StandardaC 
Ernest  Ambief^Acting  Director 


JMaftimal  ^ur mn  of  J^fattdartb 
(deritfttafe  of 


Standard  Reference  Material  1261 


.This  standard 

AISI  4340  Steel 

is  in  the  form  of  disks  31  mm  (1  1/4  in)  in  diameter  and  19  mm  (3/4  in)  thick. 

generally  for  use  in  optical  emission  and  x-ray  spectrometric  analysis.1 

Element  Percent,  hv  weight.  Element 

Percent.,  bvj&eighi 

Carbon 

0.389 

Aluminum  (total) 

0.02  p 

Manganese 

-  .66 2 

Niobium 

.822 

Phosphorus 

.015 

Tantalum 

.020 

Sulfur 

.017 

Boron 

.0005 

Silicon 

.223 

Lead 

.00002  s 

Copper 

.042 

Zirconium 

.009 

Nickel 

1.99 

Antimony 

.0042 

Chromium 

0.690 

Bismuth 

.0004 

Vanadium 

.011 

Silver 

.0004 

Molybdenum 

.19 

Calcium 

.00002a 

Tungsten 

.017 

Magnesium 

.00018 

Cobalt 

.030 

Selenium 

.004 

Titanium 

.020 

Tellurium 

.0006 

Arsenic 

.017 

Cerium 

.0014 

Tin 

.010 

Lanthanum 

.0004 

Neodymium 

.00029 

a  This  material  also  is  available  in  the  form  of  chips,  SRM  361,  for  use  in  chemical  methods  of  analysis',  rods.  SRM  1095,  6.4  mm 
(1/4  in)  in  diameter  and  102  mm  (4  in)  long  for  the  determination  of  gases  in  metals  by  vacuum  fusion  and  neutron  activation 
methods  of  analysis;  and  rods,  SRM  661,  3.2  mm  (1/8  in)  in  diameter  and  51  mm  (2  in)  long  for  application  in  microchemical 
methods  of  analysis  such  as  electron  probe  microanalysis,  spark  source  mass  spectrometric  analysis,  and  laser  probe  analysis. 


CERTIFICATION ;  The  value  listed  for  a  certified  element  is  the  present  best  estimate  of  the  “true” 
value  based  on  the  results  of  the  analytical  program.  The  value  listed  is  not  expected  to  deviate  from 
the  “true”  value  hv  more  than  ±1  in  the  last  significant  figure  reported;  for  a  subscript  figure,  the 
deviation  is  nol  expected  to  he  more  than  ±5.  Based  on  the  results  of  homogeneity  testing,  maxi¬ 
mum  variations  within  and  among  samples  are  estimated  to  he  less  than  the  uncertainty  figures! 
given  above.  I 

D  p 

4 

• 

The  overall  direction  and  coordination  of  the  technical  measurements  at  NBS  leading  to  certifi-* 
cation  were  performed  under  the  direction  of  K.  F.  J.  Heinrich,  0.  Mcnis,  B.  F.  Scribner,  J.  I.' 
Shultz,  and  J.  L.  Weber,  Jr. 

The  technical  and  support  aspects  involved  in  the  preparation,  certification,  and  issuance  of  this 
Standard  Reference  Material  were  coordinated  through  the  Office  of  Standard  Reference  Materials 
by  R.  E.  Michaelis. 

Washington,  D.C.  20234  J.  Paul  Cali,  Chief 

January  8,  1976  Office  of  Standard  Reference  Materials 

(Originally  issued  July  26,  1970 
with  revisions  August  16,  1972,  and 
attachment  February  24,  1975) 


(over) 


PLANNING,  PREPARATION,  TESTING,  ANALYSIS:  This  standard  is  one  of  five  replacements 
for  the  original  eight  1100  series  iron  and  steel  SRM’s.  Material  from  the  same  melt  is  available  in  a 
variety  of  forms  to  serve  in  checking  methods  of  analysis  and  in  calibrating  instrumental  techniques. 

The  material  for  this  standard  was  vacuum  melted  and  cast  at  the  Carpenter  Technology  Corpo¬ 
ration,  Reading,  Pennsylvania,  under  a  contract  with  the  National  Bureau  of  Standards.  The  con¬ 
tract  was  made  possible  by  a  grant  from  the  American  Iron  and  Steel  Institute. 

The  ingots  were  processed  by  Carpenter  Technology  Corporation  to  provide  material  of  the 
highest  possible  homogeneity.  Following  acceptance  of  the  composition  based  on  NBS  analyses, 
selected  portions  of  the  ingot  material  were  extensively  tested  for  homogeneity  at  NBS  by  J.  R; 
Baldwin,  D.  M.  Bouchette,  S.  D.  Rasberry,  and  J.  L.  Weher,  Jr.  Only  that  material  meeting  a  critical 
evaluation  was  processed  to  the  final  sizes. 

Chemical  analyses  for  certification  were  made  on  composite  samples  representative  of  the  ac 
cepted  lot  of  material. 

Cooperative  analyses  for  certification  were  performed  in  the  analytical  laboratories  of  Bethlehem 
Steel  Corporation,  Sparrows  Point  Plant,  Maryland,  R.  H.  Rouse;  Carpenter  Technology  Corpora¬ 
tion,  Research  and  Development  Center,  Reading,  Pennsylvania,  E.  J.  Cramer;  The  Timken  Roller 
Bearing  Company,  Steel  &  Tube  Division,  Canton,  Ohio,  R.  G.  Cover;  United  States  Steel  Corpora¬ 
tion,  Applied  Research  Laboratory,  Monroeville,  Pennsylvania,  L.  Melnick;  and  Gary  Steel  Works, 
Gary,  Indiana,  E.  H.  Shipley. 

Analyses  were  performed  in  the  Analytical  Chemistry  Division  of  the  National  Bureau  of  Stand¬ 
ards  by  the  following:  R.  Alvarez,  J.  R.  Baldwin,  D.  A.  Becker,  R.  K.  Bell,  R.  W.  Burke,  B.  S. 
Carpenter,  E.  L.  Garner,  T.  E.  Gills,  C.  J.  Lutz,  L.  A.  Machlan,  E.  J.  Maienthal,  J.  McKay,  L.  J. 
Moore,  C.  W.  Mueller,  T.  J.  Murphy,  P.  J.  Paulsen,  T.  C.  Rains,  S.  D.  Rasberry,  T.  A.  Rush,  K.  M. 
Sappcnficld,  B.A.  Thompson,  S.  A.  Wicks,  and  J.  Wing. 


ADDITIONAL  INFORMATION  ON  THE  COMPOSITION:  Certification  is  made  only  for  the  ele¬ 
ments  indicated.  The  five  replacements,  however,  contain  a  graded  series  for  40  elements  and 
nformation  on  the  elements  not  certified  may  be  of  importance  in  the  use  of  the  material.  Al¬ 
though  these  arc  not  certified’  values  arc  presented  In  the  following  table  for  the  remaining  ele¬ 
ments. 


Value  from  a  single  method  of  analysis: 


Element 


Percent,  bv  weight  Element 


Percent,  by  weight 


Gold 

Zinc 

Praseoymium 

Hafnium 

Nitrogen 


(<0. 00005) 
(.0001) 
(.00014) 
(.0002) 
(.0037) 


Oxygen  (0.0009) 

Hydrogen  (<.0005) 

Strontium  (<.0005) 

Iron  (by  difference)  (95.6) 


“Dash  indicates  “’not  detected  .”  Value  in  parenthesis  following  the  dash  is  the  conservative  “upper  limit”  of  detection. 


Approximate  value  from  heat  analysis: 
Germanium  [0.006] 
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TI  CU 
♦0927  ,0164 


TI  CU 
*0838  .0162 


TI  CU 

♦0958  .0173 


AL  YY 
♦7795  0 


AL  YY 
,8255  0 


AL  YY 
.7428  0 


AL  YY 
♦  8721  0 


W  TI  CU  AL 

,017  <  .016  ,031  <  .016 


CO 

022 


0/  MARAD  PROJECT  3205  SAMPLE  HY-8-AC-HMT  BASE  METAL 
(3 

EGRGRGRGRAC 

E 

G 

fttiC’M  *  i  i  nrir  ntn/  oncioii 

k'UI'H  ■  4,  UUI  l_  7  I  xutui 

R 

IS  IS  _ 

11461  '  9326  . . . . . .  '  . . 

C  MN  P  S  SI  NI  CR  MO  V 

.2164  .0660  .0582  .0541  .0339  .4731  .5813  .2807  .0986 

G 


IJURN  *  2  LQFE _ 12*25 _  9U5184 


IS 

IS 

.  1354 

ain-7 

C 

wT 

P 

S 

SI 

NI 

CR‘ 

MO 

U 

*2226 

*0660 

*0578 

*0535 

*0339 

*4714 

*6069 

*2815 

•  0997 

(3 

BURN  * 

3  LOFE 

12*26  9 

•15*84 

R  ■ 

IS 

IS 

11427 

9327 

C 

MN 

P 

S 

SI 

NI 

CR 

M8 

V 

.2240 

G 

‘  ♦0665  “ 

~.  0580 

“.0551  " 

"♦0344  " 

.4710  “ 

.6015*" 

.2833 

.1002 

BURN  t 

4  LOFE 

1  f  T7  a 

* 

■  - 

R':*, 

, 

IS 

11567 

IS 

9325 

■-  - 

-- 

- - 

- -  — 

—  -  -  ■ 

—  -  - 

C 

MN 

p 

S 

SI 

NI 

CR 

MO 

V 

.2114 

.0659 

.0579 

.0528 

.0338 

♦  4698 

♦  5939 

♦  2781 

.0989 

A 


V 

.  Qi  O 


AVERAGE  LQFE  „  12127  _  9 t 15 184 _ _ 

C 

IS  IS 

114532  932w 

C  MN  P  S  SI  NI  CR  MD 

.156  *284  *014  *011  *267  >  2*22  >  1*45  *429 


CO  Id  TI 

.0690  .0362  .0953 


CO  U  TI 

*0670  *0348  *0947 


CO  W  TI 

.0677  .0353  *0955 


CO  W  TI 

.0679  .  .0366.  .0939 


CO  W  TI 

.  rt')-?  nn-z  ^  a.  / 

»  V(U/  f  «  VJ.U 


CU  AL  YY 

.0205  2.196  0 


CU  AL  YY 
*0203  2*324  0 


CU  AL  YY 
.0210  2.277  "  0 


CU  AL  YY 
.0202  2.118  0 


CU  AL 

A40  A4A 

t  V-|  f  t  VI*. 


SAMPLE  HY-8-AC-1  WELD  METAL 


0/  MARAD  PROJECT  3205 

0 

EGRGRGRGRAC 

E  -  ...  - 

G 

BURN  *  1  LOFE  4J20  5J16J8S 

r  [ 

IS  IS 

12204  9331"  "  ”  . 

C  MN  P  •  S  SI  NI  CR  MO  V  CO 

.1277  .1947  ,0563  .0546  ,0364  .4054  .1605  .2542  .1142  .0601 

6  . *  '  * 

BURN  *  2  LOFE  4J21  _S{16585___  _  . 

•  IS  IS 
11907  9331 

C  MN  P  S  SI  NI  CR  '  MO  V  CO 

.1340  .1871  .0544  .0542  .0375  .4088  .1989  .2625  .1142  ,0590 

(3 

BURN  *  3  LOFE  4t22  5: 165 85 

R 

IS  IS  ~  ' 

11714  9330 

C  MN  P  S  SI  NI  CR  MO  V  CO 

.1277  .1928  .0543  '.0540  .0371  . 3987  ' 1719  ",  2565  .1149  .0583 

0 

BURN  *  4  LOFE  4J22  5516*85  ... 

R 

IS  IS 

11879  9331  '  . . . . 

C  MN  P  S  SI  NI  CR  MO  V  CO 

.1352  .1866  .0547  .0556  .0373  ,4080  ,1943  ,2646  .1137  ,0594 

A 

AVERAGE  LOFE  _  4 ‘.23  5516585^  _ 

IS  IS 

11926  9331 

C  MN  P  S  SI  NI  CR  MO  V  CO 

<  .108  1.29  ,019  ,013  .254  >  2,22  .337  .385  ,013  <  .015 


A * 

j 

i  ■ 

i  j 


! 


W  TI  CU  AL  YY 

,0274  .0987  ,0175  1,028  0 


J 


U  TI  CU  AL  YY 

,0248  ,1036  .0170  1,140  0 


W  TI  CU  AL  YY 

.0242  .1007  ,0166  1.051  0 


W  TI  CU  AL  YY 

,0255  .1034  .02013  1.121  0 


U  TI  CU  AL 

,012  <  ,016  .043  <  .016 


0/  MARAD  PROJECT  3205  SAMPLE  HY-8-AC-1  BASE  METAL 

0 

EGRGRGRGRAC 

E 

G 


BURN  1 
R 

IS 

12089 

C 

.2626 

(3 

1  LOFE 

4516  5: 

16.85 

IS 

9330 

MN 

.0717 

P  S 

.0524  .0598 

SI 

.0396 

NI 

,4775 

CR 

.6003 

MO 

,3009 

V 

.0964 

BURN  * 
R 

■  IS 
12049 
C 

,2493 

2  LOFE 

4:16  s: 

16  5  85 

IS 

9332 

MN 

.0710 

P  s 

.0512  .0544 

SI 

.0390 

NI 

.4715 

CR 

.5050 

MO 

♦  2935 

V 

.0951 

♦ 

G 


BURN  *  3  LOFE  4 J IS  5 1 16 5 05 

R 

IS  IS  "  -  -  - 

12233  9320 

C  MN  P  S  SI  NI  CR  MO  V 

.2319  .0700  .0526  .0583  .0387  .4720"  .5837  .2953  '  ,0952 

(3 

BURN  1  4  LOFE  4‘.18  5:16585 

R 

IS  IS 

11777  9332 

C  MN  p  S  SI  NI  CR  MO  V 

,2247  ,0706  .0498  .0542  .0381  .4600  .5895  ,2886  ,0947 

A 

AVERAGE  LOFE  4} 19  5516:85 

C  '  *  .  *  *  ' 

IS  IS 

12037  9330 

C  MN  P  S  SI  NI  CR  MO  V 

.175  .275  ,016  .014  ,269  >  2,22  >  1.45  .448  ,010 


K> 

M 

U) 


CO  W  TI  CU  AL  YY 

,0677  .0325  ,0989  ,0204  2.087  0 


CO  W  TI  CU  '  AL  YY 

,0681  ,0320  .0968  ,0220  2,101  0 


CO  U  TI  CU  AL  YY 

,0685  .0342  ,0977  ,0203  2.149  0 


CO  W  TI  CU  AL  YY 

.0672  .0306  .0960  .0204  2.231  0 


W  TI 

,042  <  .016 


CO 

020 


CU 

056 


AL 

039 


0/  MARAD  PROJECT  3205  SAMPLE  HY-8-HHI-1  UELH  METAL 

0 

EGR6RGRGRAC  _  _  _ _ _ _  „  _ _ _ 

E 

G 

BURN  I  1  LOFE  4  511  5516585 

R 

IS  IS  _  __ 

11940  9331 

C  MN  P  S  SI  NI  CR  MO  V 

.1260  .1929  .0555  .0492  .0367  .3862  .1866  .2396  .1173 

G 

BURN  *  2  LOFE  4512  5516585 

R  . .  . . . 

•  IS  IS 

11831  9332 

C  MN  '  P  •  S  SI  "  NI  CR  MO  V 

.1400  .1808  .0531  .0518  .0368  .3998  .2234  .2474  .1133 

J  0)  . . 

*  BURN  *  3  LOFE  4513  5516585 

R 

IS  IS 

12031  9331 

C  MN  P  S  SI  NI  CR  MO  V 

.1258  .1936  .0564  .0485"'. 0362  '.3865-  i  1855  "  .2356  1174 

(3 

BURN  =1  4  LOFE  4514  5516585  *' 

R 

IS  IS 

12365  9331  . .  '  . . 

C  MN  P  S  SI  NI  CR  MO  V 

.1445  .1803  .0559  .0542  .0367  ,4095  .2149  .2477  .1118 

A 

AVERAGE  LOFE  4515  5516585  _  __ 

C  . . 

IS  IS 

12042  9331 

C  MN  P  S  SI  NI  CR  MO  V 

<  ,108  1,26  .019  ,012  .250  >  2.22  .397  .355  ,014 

*  ’  ""  "  ‘  . 


CO 

0581 


CO  W 
0587  , 0236 


CO  U 

0581  ,0245 


CO  U 
0603  .0284 


TI 

,0998 


,1016 


,  0999 


TI 

,1013 


CIJ  AL 
,0173  1,093 


CU  AL 
.0170  1,140 


CU  AL 
.0170  1.083 


CU  AL 
,0184  1.115 


U 

♦  0237 


0/  MARAD  PROJECT  3205  SAMPLE  HY-8-HHI-1  BASE  METAL 

0 


EGRGRGRGRAC 

E 

iz 

BURN  * 

1  LOFE 

4! 07  5: 16 {85 

IS 

IS 

. 

- -  > 

. 

. 

.  .  .  _  . 

11384 

9327 

C 

MN 

P  S  .SI 

NI 

CR 

MO 

V 

CO 

W 

TI 

CU 

AL 

YY 

.2344 

G 

.0720 

.0453  .0511  .0399 

'  .4496 

.6102 

",  2959 

.0967 

.0649 

,0220 

.  0975 

.0191 

2,196 

0 

BURN  * 

L*>  ‘ 

2  LQFE~ 

4 » 08  5! 16585 

- - 

— 

■ 

. 

-  -  • 

— 

-  • — 

-  -  - 

IS 

IS 

11343 

9331 

. 

• 

- 

• 

C 

MN 

P  S  SI 

NI 

CR 

MO 

V 

CO 

0 

TI 

CU 

AL 

YY 

.2355 

.0718 

,0466  .0525  ,0397 

.4541 

.6073 

,2955 

.  0964 

,0654 

,  0239 

.0972 

.0193 

2,193 

0 

G 

- - - 

*  - 

• . 

—  • 

BURN  * 

3  LOFE 

4{08  5. 16J85 

IS 

IS 

11188 

9331 

C 

MN 

P  '  S'"  SI  " 

. NI 

__  CR 

“  MO  ~ 

V 

CO 

W 

TI 

CU  • 

AL  * 

YY 

.2375 

G 

.0720 

.0467  .0550  ,0396 

.4523 

.6059 

.2940 

.0962 

.0653 

.0240 

,0971 

.0192 

2.218 

0 

BURN  * 

4  LOFE 

4509  5{16{B5 

*» 

IS 

IS 

. 

— 

— 

- -  ... 

. 

...  ... 

11243 

9331 

C 

MN 

P  S  SI 

NI 

CR 

MO 

V 

CO 

W 

TI 

CU 

AL 

YY 

,2420 

.0720 

.0463  .0519  ,0398 

.4516 

.6147  ~ 

',2967 

.0969 

,0649 

,0230 

.  0976 

♦  0191 

2.176 

0 

A 

AVERAGE  LOFE  *4}10  '5{16{B5 - - - -  "  '  . . . . 

C 

IS  IS 
11289  9330 

c  MN  P  S  SI  NI  CR  MO  V  CO  W  '  TI  CU  AL 

.170  ,283  .011  ,012  ,275  >  2.22  >.  1,45 _  .450  ,010  ,017  <  .008  <  ,016  .048  .041 

*  ' 


( 


.to 

N> 

(T\ 


0/  MARAD  PROJECT  3205  SAMPLE  HY-O-CS  WELD  METAL 
(I  _ _  _  _ 

ITRDfie-QC'RC'Ar  '  ~~  . . 

E 

G 


HURN  *  1  LOFE  9J 50  9122584 

R 


IS 

IS  ' 

"  —  ■  * 

“ 

- 

iiioi 

C 

.1243 

G 

yJoO 

MN 

.1676 

P  S 

♦0655  .0559 

SI 

.0523 

NI 

.4586 

CR 

.2632 

MO 

.2868 

V 

,0766 

BURN  * 

2  LOFE 

9151  91 

i  22184 

IS 

11450 

C 

.1506 

VI 

IS 

9348 

MN 

.1472 

P  S 

.0675  .0558 

SI 

.0484 

NI 

.. 1^631 

CR 

♦  3458 

M8 

_  .2808 

V 

,0779 

BURN  * 

3  LOFE 

9.52  9122184 

IS 

11387 

C 

.1264 

G 

IS 

9347 

MN 

.1670 

P  S 

.0683  .0575 

SI 

.0518 

NI 

.4648 

”  '  CR 
.2649 

MO 

,2883 

V 

,0768 

PURN  * 

r» 

i\ 

4  LOFE 

9153  91 

22184 

' 

IS 

11223 

C 

.1334 

A 

IS 

9347 

MN 

.1620 

P  S 

.0672  .0558 

SI 

.0511 

NI 

,4628 

CR 

,2937 

■  M8 
,2868 

V 

.0781 

AVERAGE 

[; 

LOFE 

9154  91 

22184 

IS 

11305 

<  .108 

IS 

9348 

Ukt 

1(11 

1.16 

P.  P* 

r  a 

.020  .012^ 

SI 

♦  431, 

NI 

>  2,22 

CR 

Mu 

.440 

V 

♦  007 

* 


CO  U  TI  CU  AL 

♦1012  ,0400  .0861  .0146  .8269 


CO  W  TI  CU  AL 

♦0941  .0456  ,0879  ,0203  .9641 


CO  U  TI  CU  AL 

.0998  .0464  .,0869  .0150  .8222 


CO  W  TI  CU  AL 

.0972  .0437  .0885  .0163  .8574 


CO  U  TI 

♦0690  .0378  .0920 


rn  m  tt 

.0689  .0381  .0923 


CO  W  TI 

.0690  .0394  .0918 


CO  W  TI 

.0693  .0440  .0920 


CO  U  TI 

A  '/'I  .  AAO  Jt'  .ftli 

«  VU*U  'N  «  VVW  „  «  v*w 


CU  AL  YY 
.0252  1.847  0 


CU  AL  YY 

.0253  1.839  *0 


CU  AL  YY 
,0265  1.804  0 


CU  AL  YY 
.0262  1,789  0 


CU  AL 
,035 


tv) 

00 


0/  MAR AD  PROJECT  3205  SAMPLE  HY' 

0 

EGRGRGRGRAC 

E 

G 


BURN  * 

fv4 

1  LOFE 

9J5?  9! 22! 84 

IS 

IS 

11646 

9347 

C 

MN 

P  S  SI 

.1409 

.2217 

.0710  .0818  .0498 

n 

BURN  * 

2  LOFE 

9! 59  ?!22!84 

IS 

IS 

11517 

9347 

C 

MN 

P  S  SI 

,  1460 

♦  2iav 

.O/Ota  .0796  .0471 

G 

BURN  * 

3  LOFE 

10 ! 00  9.22 J 84 

IS 

is 

11646 

9344 

C 

MN 

P  S  SI 

♦  1416 

.2281 

.0703  .0817  .0493 

G 

BURN  * 

R 

4  LOFE 

10101  9! 22 .84 

IS 

IS 

.  .  -  -  ■  ■-  - 

11632 

9344 

C 

MN 

P  S  SI 

.1478 

.2170 

.0702  ,0803  .0478 

A 

AVERAGE 

LOFE  * 

10J02  ~  9! 22! 84 

IS 

IS 

11610 

9345 

C 

MN 

P  S  SI 

s  auu 

>  1.65 

.  02.S  .020  .409 

Q-FG  VJELD  METAL 


NI  CR  MO  0  CO 

♦4786  ,186?  .2873  .1423  ,0611 


NI  CR  MO  V  CO 

♦  4784_..2i7i  .2877  1402  .0614 


NI  CR  MO  0  CO 

♦4785  ,1848  .2873  .1435  .0611 


NI  CR  MO  V  CO 

,4745  ,2204  ,2831  ,1396  ,0618 


NI  CR_  MO  0  CO 

>  2 .22 _ , 363 _ .441  « 022  .  .024 


W  TI  CU  AL  YY 

.0434  .1054  ,0175  .9682  0 


W  TI  CU  AL  YY 

,0444  .1071  ,0181  .9994  0 


U  ,  TI  CU  AL  YY 
,0430  r 1060  .0179  ,9675  0 


U  TI  CU  AL  YY 

,043?  ,1071  ,0200  .9876  0 


W  _  TI  CU_  AL 
♦OlV  <  .016  . .042  <  .016 


/-  2-f 


BASE  METAL 


_()/  MARAD  PROJECT  3205  SAMPLE  HY-D-FC 
u 


EGRGRGRGRAC 

f- 

& 

G 


BURN  t 

1  LOFE 

9554  9 

|{ 

IS 

IS 

11286 

9349 

C 

MN 

P  S 

.2173 

,0685 

.0676  .0541 

G 

fiiir.ii  jr. 
Jk.'WIMX  TP 

i:>  . 

n  i  nrr 

mr  L. 

n  »  c*r  n 

T  ♦  vJU  7 

IS 

IS 

11355 

9351 

C 

MN 

P  S 

,2153 

.0682 

.0677  ,0525 

G 

BURN  * 

3  LOFE 

9  {56  9 

IS 

IS 

•i  -t  Tinn 

C 

MN 

F*  S 

.2206 

.0687 

.0688  .0551 

G 

BURN  1 

4  LOFE 

9157  9 

R 

IS  . 

IS 

11264 

9348 

C 

MN 

P  S 

.2211 

,0688 

,0680  .0549 

A 

AUPK-ARP 

i  ncp 

Q  »«!0  O 

C 

IS 

IS 

11303 

9350 

C  MN 

» 155  « 306 


* 


J22JB4 

SI  NI  CR  MO  U 

,0303  ".4593  '.6427  ,2597  ,0839 

,  «  o*. 

SI  NI  CR  MO  V 

.  .0300  , 458 1_  _, 6476  ,2580  ,0841 

J22.84 

SI  NI  CR  MO  0 

,0305  *4637  .6560  ,2637  ,0847 

J22J84 

.SI  NI  CR  MO  0 

♦0305  .4607  ,6510  .2621  .0845 

.22194  ~ 

SI  NI  ,  CR 

.241  >  2.22  >1.45 


P 

021 


S 

Oil 


MO 

395 


V 

009 


CO  W  *ri  CU  AL  YY 

.0694  .0474  ,0911  .0254  1.833  0 


CO  W  TI  CU  AL  YY 

.0689  .0482  .0910  .0254  1.807  0 


CO  U  TI  CU  AL  YY" 

,0688  ,0496  ,'0919  ,0256  1,806  0 


CO  W  TI  CU  AL  YY 

,0688  ,0471  .0912  .0256  1.772  0 


W  TI 

,031  <  ,016  ♦ 


CO 

032 


CU 

075 


AL 

034 


0/  MARAD  PROJECT  3205  SAMPLE  HY-O-AC  WELD  METAL 

0  . .  _ _ 

EGRGkGkGRAC 

E 

n 


BURN  * 
R 

1  LOFE 

10? 07  9? 22 184 

• 

IS 

IS 

11530 

9340 

C 

MN 

P  S  SI 

NI 

CR 

MO 

V 

.1231 

0 

,2194 

.0688  .0594  .0327 

♦  5078 

.2768 

♦  2823 

.1181 

BURN  ♦ 

2  LOFE 

10108  9122184 

IS 

IS 

11452 

9343 

C 

MN 

P  S  SI 

NI 

CR 

MO 

V 

.1199 

8 

.  *2186  _ 

♦  0670__  ,0592  _  _,0326_ 

.«5003_ 

=..2731_ 

_*  2848  = 

.1183 

BURN  * 

3  LOFE 

10109  9122184 

IS 

IS 

11515 

9343 

C 

MN 

P _ S _ El 

KIT 

CR 

Mrs 

u 

.1211 

.2173 

.0680  .0592  .0327 

.5060 

.2788 

.2826 

,1175 

6 

■ 

BURN  * 

R 

4  LOFE 

10110  9122184 

IS 

IS 

11447 

9342 

c 

MN 

P  S  SI 

NI 

CR 

MO 

V 

.1234 

A 

.2138 

.0679  .0584  .0319 

.5012 

.2917 

.2806 

.1176 

AVERAGE 

C 

LOFE 

10111  9122184 

.  IS 

IS 

11486 

9342 

C 

MN 

P  S  SI 

NI 

CR 

MO 

V 

<  .108 

>  1.65 

.021  .  .013  .261  > 

2.22 

.567 

,434 

.016 

* 


CO  W  TI  CU  AL  YY 

•  0648  « 0499  .1076  .0165  1.189  0 


CO  W  TI  CU  AL  YY 

.0647  .0467  .1104  .0162  1.175  0 


CO  W  TI  C!J  AL  YY 

,0649  .0485  .‘1091  .0171  1.193  0 


CO  W  TI  CU  AL  YY 

.0650  .0480  .1077  .0174  1.169  0 


CO  W  TI  CU  AL 

.028  .032  <  .016  .034  .019 


0/  MARAD  PROJECT  3205  SAMPLE  HY-O-AC  BASE 

0  _  _  _ _  ... 

EGRGRGRGRAC 

E 

G 


BURN  =1  1  LOFE  10  {03  9  J  22  5  84 

R  ...  _ ....  .  . . 


IS 

IS 

~rm"  '  1  '  1  ■  —  «•«—-  — 

*■ 

” 

11254 

9343 

C 

MN 

P  s 

SI 

NI 

.  CR 

.2304 

.0689 

.0712  .0571 

,0305 

,4687 

.6510 

G 

• 

BURN  # 

2  LOFE 

10:04'  “ 

9 {22 {84 
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